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SIMULATION  OF  FLOOD  CONTROL  AND  CONSERVATION  SYSTEMS 
APPENDIX  ON  WATER  QUALITY  ANALYSIS 


1 .  INTRODUCTION 
1 . 1  Origin  of  Program 

The  flow  simulation  capability  of  this  program  (i.e.,  flow  simulation 
module  or  HEC-5)  was  developed  at  The  Hydrologic  Engineering  Center  (HEC)  by 
Mr.  Bill  S.  Eichert.  The  initial  version  was  written  for  flood  control 
operation  of  a  single  flood  event  and  was  released  as  HEC-5,  "Reservoir  System 
Operation  for  Flood  Control,"  in  May  1973.  The  flow  simulation  module  was  then 
expanded  to  include  operation  for  conservation  purposes  and  for 
period-of-record  routings.  This  revised  program  was  referred  to  as  HEC-5C  up 
to  the  February  1978  version.  Further  revisions  to  the  flow  simulation  module 
were  made  and  the  revised  program  was  referred  to  as  the  June  1979  version  of 
HEC-5  [HEC  1979]. 

In  March  1979,  the  HEC  contracted  with  Resource  Management  Associates,  Inc. 
to  add  to  the  HEC-5  program  the  capability  of  simulating  temperature  in  a 
single  reservoir  (i.e.,  temperature  simulation  module  or  HEC-5Q) . 

In  November  1979,  the  HEC  contracted  with  Dr.  James  H.  Duke,  Jr.  to  add 
the  capability  to  simulate  conservative  and  non -conservative  constituents, 
including  dissolved  oxygen,  in  a  two-reservoir  system  and  its  associated 
downstream  river  reaches.  These  modifications  were  added  to  the  temperature 
simulation  module  and  the  module  was  structured  to  interact  with  the  HEC-5 
program  to  change  flow  releases  if  such  a  change  would  improve  water  quality  in 
the  downstream  reaches. 

In  February  1982,  the  HEC  contracted  with  Resource  Management  Associates, 
Inc.  (RMA)  and  Dr.  James  H.  Duke,  Jr.,  to  extend  the  November  1979  version  of 
the  model  to  ten  reservoirs  of  an  arbitrary  tandem  and  parallel  configuration 
and  to  perform  additional  modifications.  The  capabilities  of  the  total  model, 
that  have  resulted  from  all  of  these  modifications,  are  documented  herein. 

1 . 2  Purpose  of  Program 

The  flow  simulation  module  was  developed  to  assist  in  planning  studies  for 
evaluating  proposed  reservoirs  in  a  system  and  to  assist  in  sizing  the  flood 
control  and  conservation  storage  requirements  for  each  project  recommended  for 
the  system.  The  program  can  also  be  useful  for  selecting  proper  reservoir 
operational  releases  for  hydropower,  water  supply,  and  flood  control. 
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The  water  quality  simulation  module  was  developed  so  that  temperature  and 
selected  conservative  and  non -conservative  constituents ,  including  dissolved 
oxygen,  could  be  readily  included  as  a  consideration  in  planning  studies.  The 
water  quality  simulation  module  accepts  system  flows  generated  by  the  flow 
simulation  module  and  computes  the  vertical  distribution  of  temperature  and 
other  constituents  in  the  reservoirs  and  the  water  quality  in  the  associated 
downstream  reaches. 

The  water  quality  simulation  module  also  selects  the  gate  openings  for 
reservoir  selective  withdrawal  structures  to  meet  user- specified  water  quality 
objectives  at  downstream  control  points.  If  the  objectives  cannot  be  satisfied, 
the  model  will  compute  the  increase  in  flow  (if  any)  necessary  to  satisfy  the 
downstream  objective. 

With  these  capabilities,  the  planner  may  evaluate  the  effects  on  water 
quality  of  proposed  reservoir-stream  system  modifications  and  determine  how  a 
reservoir  intake  structure  should  be  operated  to  achieve  desired  water  quality 
objectives  within  the  system. 

The  water  quality  simulation  module  will  operate  in  any  of  three  modes:  a 
calibration  mode,  an  annual  simulation  mode  and  a  long-term  mode.  In  the 
calibration  mode,  historical  flow,  water  quality  and  reservoir  operations  are 
furnished  so  that  simulations  can  be  made  to  determine  the  necessary  values  of 
module  parameters  such  as  decay  rates  and  dispersion  coefficients. 

In  the  annual  simulation  mode,  the  model  is  executed  on  a  daily  basis  to 
determine  the  effects  of  reservoir  operations  on  reservoir  water  quality  and 
the  water  quality  in  the  associated  downstream  reaches.  The  long-term 
simulation  mode  provides  simulations  similar  to  the  annual  simulation  mode 
except  that  the  time  steps  are  longer,  generally  thirty  days,  so  that  the 
effects  of  reservoir  operations  on  water  quality  can  be  examined  over  a  long 
planning  horizon  of  ten  years  or  more . 

1 . 3  Hardware  and  Software  Requirements 

The  program,  now  written  in  FORTRAN??,  was  developed  on  the  CDC  Cyber  205, 
PRIME  550  and  HARRIS  500  computer  systems.  The  storage  requirements  are 
68,38?K  words  of  memory  on  64  bit  computers  (i.e.,  CDC)  and  lOOOK  words  of 
memory  on  24  bit  computers  (i.e.,  HARRIS).  A  current  version  of  the  program  is 
maintained  for  Corps  use  on  the  CDC  and  HARRIS  computer  systems . 

The  water  quality  simulation  module  is  an  integral  part  of  the  flow 
simulation  module  and  is  not  designed  to  be  run  independently  of  the  flow 
module.  Twelve  data  and  scratch  files  are  required  for  water  quality 
simulation  module  operation,  in  addition  to  the  files  required  for  the  flow 
simulation  module.  A  total  of  31  data  and  scratch  files  are  required  for 
operation  of  both  the  flow  and  water  quality  modules . 
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2.  WATER  QUALITY  SIMULATION  MODULE  CONCEPTS 
2.1  General  Capabilities  and  Limitations 

The  water  quality  simulation  module  is  currently  limited  to  a  system 
containing  no  more  than  ten  reservoirs  which  may  be  in  either  tandem  or 
parallel  configuration.  The  most  upstream  point,  or  points,  of  any  system  must 
be  defined  by  reservoirs.  The  total  stream  reservoir  system  may  contain  a 
total  of  thirty  control  points .  These  control  points  may  be  placed  at  any 
desirable  location  provided  that  the  following  guidelines  are  followed: 

a.  The  most  downstream  point  in  the  system  must  be  defined  by  a  control 
point. 

b.  The  confluence  of  the  two  streams,  on  which  parallel  reservoirs  are 
located,  must  be  defined  by  a  control  point. 

c.  The  end  of  the  stream  reach  above  tandem  reservoirs  must  be  defined  by 
a  control  point. 

The  quality  simulation  may  be  performed  on  only  a  portion  of  the  total 
system  simulated  by  the  flow  simulation  module;  however,  the  quality  simulation 
portion  must  begin  at  the  upstream  limits  of  the  total  system  and  cannot  be 
fragmented. 

The  water  quality  simulation  module  uses  flow  data  from  the  flow  simulation 
module  and  the  specification  of  these  data  must  match  the  mode  in  which  the 
water  quality  simulation  module  is  operating.  For  the  calibration  and  annual 
simulation  modes,  flow  data  must  be  furnished  at  intervals  of  one  day  and 
simulations  are  limited  to  periods  contained  in  one  calendar  year.  For  the 
long  term  mode,  flow  data  must  be  furnished  at  longer  intervals  (generally  30 
days)  and  the  period  of  simulation  is  unlimited. 

Reservoir  dimension  limitations  include  the  following; 

(1)  50  volume  elements^  per  reservoir 

(2)  One  flood  control  outlet 

(3)  One  uncontrolled  spillway 

(4)  A  selective  withdrawal  system  composed  of  two  wet  wells  containing  up 
to  eight  ports  each 


^The  number  of  volume  elements  is  controlled  by  the  total  depth  and  the 
element  thickness  in  the  reservoir. 
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Stream  dimension  limitations  include  the  following: 

(1)  300  volume  elements^ 

(2)  3  locations  between  adjacent  control  points  for  allocating  local  flows 

Water  quality  capabilities  include  two  alternative  simulation  options. 
With  option  number  one,  the  variable  constituents  include: 

(1)  Water  temperature  which  must  always  be  simulated 

(2)  Up  to  3  conservative  constituents 

(3)  Up  to  3  non- conservative  constituents  may  be  simulated  with  the 
following  restrictions: 

(a)  A  maximum  of  two  oxygen  consuming  constituents  may  be  simulated 

(b)  Only  one  non- conservative  constituent  not  connected  with  the 
dissolved  oxygen  cycle  may  be  simulated 

(4)  Dissolved  oxygen  may  be  simulated  within  the  following  restriction: 

At  least  one  oxygen  consuming  constituent  must  be  simulated  as  a 
non- conservative  constituent 

The  second  water  quality  option,  referred  to  as  the  phytoplankton 
option,  requires  the  following  eight  constituents. 

(1)  Water  temperature 

(2)  Total  dissolved  solids 

(3)  Nitrate  nitrogen 

(4)  Phosphate  phosphorus 

(5)  Phytoplankton 

(6)  Carbonaceous  BOD 

(7)  Ammonia  nitrogen 

(8)  Dissolved  oxygen 

None  of  these  constituents  may  be  omitted.  The  phytoplankton  option  is 
designed  to  provide  a  more  realistic  representation  of  the  lake  environment  and 
the  forces  affecting  dissolved  oxygen. 

2.2  Reservoir  Hydraulics 

The  reservoirs  are  represented  conceptually  by  a  series  of  one -dimensional 
horizontal  slices  such  as  those  shown  in  Figure  1.  Each  horizontal  slice  or 
layered  volume  element  is  characterized  by  an  area,  thickness  and  volume.  In 
the  aggregate  the  assemblage  of  layered  voliame  elements  is  a  geometric 
representation,  in  discretized  form,  of  the  prototype  reservoir.  This 
one -dimensional  representation  has  been  shown  to  adequately  represent  water 
quality  conditions  in  many  reservoirs  by  Eiker  [Corps  1974] ,  Baca  [1977] ,  and 
WRE  [1968,  1969a,  1969b]. 


^The  number  of  volume  elements  is  controlled  by  the  total  stream  length 
and  the  element  length  in  the  stream. 
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Within  each  element,  the  water  is  assumed  to  be  fully  mixed.  This  implies 
that  only  the  vertical  dimension  is  retained  during  the  computation.  Each 
horizontal  layer  is  assumed  to  be  completely  homogeneous  with  all  isopleths 
parallel  to  the  water  surface  both  laterally  and  longitudinally.  External 
inflows  and  withdrawals  occur  as  sources  or  sinks  within  each  layer  are 
instantaneously  dispersed  and  homogeneously  mixed  throughout  each  element  from 
the  headwaters  of  the  impoundment  to  the  dam.  It  is  not  possible,  therefore, 
to  look  at  longitudinal  variations  in  water  quality  constituents  in  a 
reservoir.  Module  results  are  most  representative  of  conditions  in  the  main 
reservoir  body. 

Vertical  advection  is  governed  by  the  location  of  inflow  to,  and  outflow 
from,  the  reservoir.  Thus  the  computation  of  the  zones  of  distribution  and 
withdrawal  for  inflows  and  outflows  are  of  considerable  significance  in 
operation  of  the  model.  The  WES  withdrawal  method  is  used  for  determining  the 
allocation  of  outflow.  The  Debler  inflow  allocation  method  is  used  for  the 
placement  of  inflows .  These  methods  are  described  in  the  following  sections . 

2.2.1  WES  Withdrawal  Allocation  Method 


The  outflow  component  of  the  model  incorporates  the  selective  withdrawal 
techniques  developed  by  Bohan  [1973] .  Laboratory  investigations  were  conducted 
to  determine  the  withdrawal  zone  characteristics  created  in  a  randomly 
density-stratified  impoundment  by  releasing  flow  through  a  submerged  orifice. 
From  these  investigations  generalized  relationships  were  developed  for 
describing  the  vertical  limits  of  the  withdrawal  zone  and  the  vertical  velocity 
distribution  within  the  zone. 


A  definition  sketch  of  variables  for  orifice  flow  is  shown  in  Figure  2. 
The  following  transcendental  equation  defines  the  zero  velocity  limits  of  the 
withdrawal  zone. 


V 


O 


)  g  z 


(1) 


where : 

Vq  =  average  velocity  through  the  orifice  in  m/sec 

Z  =  vertical  distance  from  the  elevation  of  the  orifice  center  line  to 
the  upper  or  lower  limit  of  the  zone  of  withdrawal  in  meters 

Aq  =  area  of  the  orifice  opening  in  m^ 

Ap '  =  density  of  fluid  between  the  elevations  of  the  orifice  center 
line  and  the  upper  or  lower  limit  of  the  zone  of  withdrawal  in 
kg/m^* 

Pq  =  fluid  density  of  the  elevation  of  the  orifice  center  line  in 
kg/m^ 

g  =  acceleration  due  to  gravity  in  m/sec^ 


*A11  water  densities  in  the  water  quality  simulation  module  are  computed  solely 
as  a  function  of  water  temperature . 
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FIGURE  2 


Definition  Sketch  of  Variables  for  Orifice  Flow 
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With  knowledge  of  the  withdrawal  limits,  the  velocity  profile  due  to 
outflow  can  be  determined.  First,  the  location  of  the  maximum  velocity  is 
determined  by: 


Y 


1 


H 


[sin  (1.57 


(2) 


where : 

“  vertical  distance  from  the  elevation  of  the  maximum  velocity  V  to 
the  lower  limit  of  the  zone  of  withdrawal  in  meters 
H  =  thickness  of  the  withdrawal  zone  in  meters 

=  vertical  distance  from  the  elevation  of  the  orifice  center  line  to 
the  lower  limit  of  the  zone  of  withdrawal  in  meters 

The  distribution  of  velocities  within  the  withdrawal  zone  is  then 
determined  by: 


V 


V 


-  (1 


(3) 


where : 

-  local  normalized  velocity  in  the  zone  of  withdrawal  at  a  distance  y 
from  the  elevation  of  the  maximum  velocity  V 

-  maximum  velocity  in  the  zone  of  withdrawal  in  m/sec 

-  vertical  distance  from  the  elevation  of  the  maximum  velocity  V  to 
that  of  the  corresponding  local  velocity  v  in  meters 

-  vertical  distance  from  the  elevation  of  the  maximum  velocity  V  to  the 
limit  of  the  zone  of  withdrawal  in  meters 

-  density  difference  of  fluid  between  the  elevation  of  the  maximum 
velocity  V  and  the  corresponding  local  velocity  V  in  kg/m^ 

“  density  difference  of  fluid  between  the  elevation  of  the 

maximum  velocity  V  and  the  limit  of  the  zone  of  withdrawal  in  kg/m^ 

This  equation  can  be  used  to  describe  both  the  upper  and  lower  sections  of 
a  velocity  distribution  using  the  elevation  of  the  maximum  velocity  V  as  the 
reference  elevation,  except  for  conditions  in  which  the  withdrawal  zone  is 
limited  by  either  the  free  surface  or  the  bottom  boundary.  For  conditions 
where  the  free  surface  and  bottom  boundary  limit  the  withdrawal  zone,  the 
velocity  distribution  is  computed  by: 


V 

y 

Y 
Lp 
Ap_ 


y^P  .2 


V 


-  1  -  ( 


(4) 


For  a  situation  in  which  only  one  limit  (upper  or  lower)  is  affected  by  a 
boundary  (free  surface  or  bottom  boundary),  equation  (3)  can  be  used  to 
determine  the  velocity  distribution  from  the  elevation  of  maximum  velocity  V  to 
the  limit  unaffected  by  a  boundary,  and  equation  (4)  can  be  used  to  determine 
the  velocity  distribution  from  the  elevation  of  maximum  velocity  V  to  the  limit 
affected  by  a  boundary.  The  flow  from  each  layer  is  then  the  product  of  the 
velocity  in  the  layer,  the  width  of  the  layer  and  the  thickness  of  the  layer. 
A  flow-weighted  average  is  applied  to  water  quality  profiles  to  determine  the 
value  of  the  release  content  of  each  constitutent  for  each  time  step. 

2.2.2  Allocation  of  Inflow 

The  allocation  of  inflows  is  based  on  the  assumption  that  the  inflow  water 
will  seek  a  level  of  like  density  within  the  lake.  If  the  inflow  water  density 
is  outside  the  range  of  densities  found  within  the  lake,  the  inflow  is 
deposited  at  either  the  surface  or  the  bottom  depending  on  whether  the  inflow 
water  density  is  less  than  the  minimum  or  greater  than  the  maximum  water 
density  found  within  the  lake. 

Once  the  entry  level  is  established,  the  inflow  water  is  allocated  to  the 
individual  elements  by  one  of  two  methods.  If  the  inflow  enters  a  zone  of 
convective  mixing,  the  inflow  is  distributed  uniformly  throughout  the 
convectively  mixed  zone.  If  the  inflow  enters  a  stratified  region  of  the  lake, 
the  inflow  is  distributed  uniformly  within  a  flow  field,  the  thickness  of  which 
is  determined  by  Debler's  criteria  [1959]. 

The  thickness  of  the  flow  field  is  determined  by: 

‘>-2  =8  (-f  (5) 

where : 

D  —  thickness  of  the  flow  field  in  meters 
Q  ”  inflow  rate  in  m^/sec 

W  -  effective  width*  of  reservoir  at  the  inflow  level  in  meters 
P  -  density  gradient  at  the  withdrawal  location  in  kg/m* 
g  =  acceleration  due  to  gravity  in  m/sec^ 
p  -  water  density  at  the  outlet  location  in  kg/m® 

Once  the  thickness  of  the  flow  field  is  established,  the  water  is  deposited 
to  the  elements  about  the  entry  level  assuming  a  uniform  velocity  distribution. 


*The  effective  width  of  the  flow  field  is  defined  as  the  reservoir  area  at 
the  entry  level  divided  by  the  effective  reservoir  length  at  the  inflow 
location. 
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2.2.3  Vertical  Advection 


Vertical  advection  is  the  net  interelement  flow  and  is  one  of  two  transport 
mechanisms  used  in  the  module  to  transport  water  quality  constituents  between 
elements.  The  vertical  advection  is  defined  as  the  interelement  flows  which 
result  in  a  continuity  of  flow  in  all  elements.  Beginning  with  the  lowermost 
element,  the  vertical  advection  is  calculated  by  algebraically  summing  the 
inflows  and  outflows .  Any  flow  imbalance  is  accounted  for  by  vertical 
advection  into  or  out  of  the  element  above.  This  process  is  repeated  for  all 
remaining  elements  taking  into  account  the  vertical  advection  from  or  to  the 
element  below.  Any  resulting  flow  imbalance  in  the  surface  element  is 
accounted  for  by  an  increase  or  decrease  in  the  lake  volume. 

2.2.4  Effective  Diffusion 

Effective  diffusion  is  the  other  transport  mechanism  used  in  the  module  to 
transport  water  quality  constituents  between  elements.  The  effective  diffusion 
is  composed  of  molecular  and  turbulent  diffusion  and  convective  mixing. 

Wind-  and  flow- induced  turbulent  diffusion  and  convective  mixing  are  the 
dominant  components  of  effective  diffusion  in  the  epilimnion  of  most 
reservoirs.  In  quiescent,  well-stratified  reservoirs,  molecular  diffusion  may 
be  a  significant  component  in  the  metalimnion  and  hypolimnion.  For  deep, 
well-stratified  reservoirs  with  significant  inflows  to  or  withdrawals  from  the 
hypolimnion,  flow- induced  turbulence  in  the  hypolimnion  dominates.  For  weakly 
stratified  reservoirs,  wind- induced  or  wind-  and  flow- induced  turbulent 
diffusion  will  be  the  dominant  component  of  the  effective  diffusion  throughout 
the  reservoir. 


One  of  two  methods  may  be  selected  by  the  user  to  calculate  effective 
diffusion  coefficients:  the  stability  method  or  the  wind  method. 


(1)  Stability  Method  -  The  stability  method  of  computing  the  effective 
diffusion  coefficients  is  appropriate  for  most  deep,  well  stratified 
reservoirs  and  shallower  reservoirs  where  wind  mixing  is  not  the 
dominant  turbulent  mixing  force.  This  method  is  based  on  the 
assumption  that  mixing  will  be  at  a  minimum  when  the  density  gradient 
or  water  column  stability  is  at  a  maximum. 


The  relationship  between  stability  and  the  effective  diffusion  is  shown 
graphically  in  Figure  3.  This  figure  shows  the  range  of  effective  diffusion 
coefficients  reported  by  WRE  [1969b]  and  were  deduced  from  data  collected  in 
reservoirs  of  the  Pacific  Northwest.  Effective  diffusion  coefficients  for 
reservoirs  in  other  regions  may  fall  below  the  lower  envelope  of  values  shown 
on  Figure  3.  The  relationship  between  effective  diffusion  and  stability  is 
shown  below. 
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FIGURE  3 


Log  of  Effective  Diffusion  Versus  Log  of  Density  Gradient 


11 


.06 .08  .1  .2  4  .6  .8  1.0  2.0  4.0  6.0  80 10  20  40  60  80 100  200 

Stability  (E) ,  l/meters  x  10“^ 


where : 


=  effective  diffusion  coefficient  in  mVsec 
=  maximum  effective  diffusion  coefficient  in  mVsec 


E  ■=  water  column  stability  or  normalized  density  gradient  in  1/meter 

=  water  column  critical  stability  in  1/meter 
^2 ’^3  “  empirical  constants 

A  typical  density  profile  for  a  stratified  reservoir  and  the  resulting 
effective  diffusion  coefficient  distribution  are  shown  in  Figure  A. 


(2)  Wind  Method  -  The  wind  method  for  computing  effective  diffusion 
coefficients  is  appropriate  for  reservoirs  in  which  wind  mixing 
appears  to  be  the  dominant  component  of  turbulent  diffusion.  This 
method  assumes  that  wind- induced  mixing  is  greater  at  the  surface  and 
diminishes  exponentially  with  depth.  The  following  empirical 
expression  which  is  a  combination  of  wind- induced  diffusion  and  a 
minimum  diffusion  term  representing  the  combined  effects  of  all  other 
mixing  phenomena  is  used  to  calculate  the  effective  diffusion 
coefficient: 


’'^min  ^l^w® 


-kd 


(8) 


where : 


D„,-  -=  minimum  effective  diffusion  coefficient  in  mVsec 

min  ' 

=  empirical  coefficient  in  meters 
=  wind  speed  in  m/sec 

k  -  ^2/^t 

A2  “  empirical  coefficient 

d^  -  depth  of  the  thermocline  in  meters  or  six  meters  during 
unstratified  conditions 

d  =  depth  of  specific  layer  in  meters 

Typical  values  reported  by  Baca  [1977]  for  the  minimum  effective  diffusion 
coefficient  and  the  empirical  coefficients  required  by  equation  (8)  are 
presented  in  Table  1.  Within  the  model  the  actual  diffusion  coefficient,  D^, 
is  constrained  by  a  maximum  Dmax,  which  is  usually  about  5  x  10  *.  The 
shape  of  the  diffusion  coefficient  as  a  function  of  depth  is  shown  in  Figure  5 
for  two  different  cases . 
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Effective  Diffusion  Coefficients  vs.  Depth  for  Stability  Method 
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Diffusion  Coefficient  vs. 

Water  Surface 


D 

max 


Depth  for  Wind  Method 


Water  Surface 


Diffusion  Coeff  (D  ) 

c 


Diffusion  Coeff  (D  ) 


TABLE  1 


Minimum  Effective  Diffusion  Coefficient  and 
Empirical  Coefficient  for  Wind  Mixing  Method 


Well-Mixed 

Stratified 

Coefficient 

Reservoirs 

Reservoirs 

Minimum  Effective 

Diffusion  Coeff  (D_,-  ) 

'  mm-' 

1x10*^  to  5x10'^ 

1x10*^  to  1x10 

Empirical  Coeff  (A^) 

1x10*^  to  2x10'^ 

1x10*^  to  5x10 

Empirical  Coeff  (A2) 

4.6 

4.6 

2.3  Stream  Hydraulics 

The  stream  system  is  represented  conceptually  as  a  linear  network  of 
segments  or  volume  elements.  Each  element  is  characterized  by  length,  width, 
cross  section  area,  hydraulic  radius.  Manning's  n  and  the  relationship  between 
flow  and  depth  (see  Figure  6). 

Flow  rates  at  stream  control  points  are  calculated  within  the  flow 
simulation  module  by  using  one  of  the  hydrologic  routing  methods.  Within  the 
flow  simulation  module,  incremental  local  flows  (i.e. ,  inflow  between  adjacent 
control  points)  are  assumed  to  be  deposited  at  the  control  point.  Within  the 
water  quality  simulation  module,  the  incremental  local  flow  may  be  divided  into 
components  and  placed  at  different  locations  within  the  stream  reach  (i.e., 
that  portion  of  the  stream  bounded  by  the  two  control  points) .  A  flow  balance 
is  used  to  determine  the  flow  rate  at  element  boundaries.  Any  flow  imbalance 
(i.e.,  flow  at  upstream  control  point  plus  the  increment  local  flow  not  equal 
to  the  flow  at  the  downstream  control  point)  is  distributed  uniformly  to  the 
flows  at  each  element  boundary.  Once  interelement  flows  are  established,  the 
depth,  surface  width  and  cross  section  area  are  computed  at  each  element 
boundary  (assuming  normal  flow) . 

All  additional  stream  hydraulic  data  required  to  represent  the  mass 
transfers  needed  to  simulate  stream  water  quality  can  be  calculated  using  these 
three  relationships  and  the  input  channel  geometry. 

2.4  Thermal  Analysis 

Both  the  streams  and  reservoirs  are  represented  by  an  assemblage  of  fluid 
elements  linked  together  by  interelement  flow  and  diffusion  (stream  diffusion 
is  assumed  near  zero) .  The  interelement  mass  transports  and  the  fundamental 
principle  of  conservation  of  heat  can  be  represented  by  the  following 
differential  equation  model  for  the  dynamics  of  temperature  within  each  fluid 
element . 
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FIGURE  6 


Geometric  Representation  of  Stream  System  and 
Mass  Transport  Mechanisms 
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dT  3T  a^T  av 

V - Az.Q^  -  +  AZ-A^-D^  - —  +  Q^-T^  -  Q^-T - T  -  (9) 

at  at  az'^  p*c  at 

where : 

T  =  temperature  in  degrees  Celsius 
V  =  volume  of  the  fluid  element  in  m^ 
t  =  time  in  seconds 

z  =  space  coordinate  in  meters  (vertical  for  the  reservoir  and  horizontal 
for  the  stream) 

=  interelement  flow  in  mVsec 

A  =  element  surface  area  normal  to  the  direction  of  flow  in  m"^ 

2  2 
D^,  =  effective  diffusion  coefficient  in  m  /sec 

=  lateral  inflow  in  m^/sec 

=  inflow  water  temperature  in  degrees  Celsius 
Q„  =  lateral  outflow  in  mVsec 
A^  =  element  surface  area  in  m 

H  =  external  heat  sources  and  sinks  in  kcal/mVsec 
p  =  water  density  in  kg/m^ 
c  =  specific  heat  of  water  in  kcal/kg/^C 

This  equation  represents  the  dynamics  of  heat  within  the  fluid  element. 
The  set  of  equations  for  all  elements  within  the  reservoir  or  stream  system 
represents  the  dynamics  of  heat  within  that  system.  All  of  the  terms  on  the 
right  side  of  equation  (9)  represent  physical  heat  transfers  including  the 
external  heat  sources  and  sinks. 


The  external  heat  sources  and  sinks  that  are  considered  in  the  module  are 
assumed  to  occur  at  the  air-water  interface.  The  rate  of  heat  transfer  per 
unit  of  surface  area  can  be  expressed  as  the  sum  of  the  following  heat  exchange 
components : 


H 


n 


H, 


-  Hsr 


H. 


-  ± 
ar  c 


H 


br 


-  H, 


where : 


(10) 


=  the  net  heat  transfer 

Hg  =  the  short  wave  solar  radiation  arriving  at  the  water  surface 
Hgj.  =  the  reflected  short  wave  radiation 
Hg  =  the  long  wave  atmospheric  radiation 
=  the  reflected  long  wave  radiation 
H  =  the  heat  transfer  due  to  conduction 

=  the  back  radiation  from  the  water  surface 
=  the  heat  loss  due  to  evaporation 

2 

All  units  are  in  kcal/m  /sec 


Complete  discussions  of  the  individual  terms  have  been  presented  by 
Anderson  [1954]  and  by  the  Tennessee  Valley  Authority  [1972]. 
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The  method  used  in  the  module  to  evaluate  the  net  rate  of  heat  transfer  at 
the  air-water  interface  has  been  developed  by  Edinger  and  Geyer  [1965],  Their 
method  utilizes  the  concepts  of  equilibriiam  temperature  and  coefficient  of 
surface  heat  exchange.  The  equilibrium  temperature  is  defined  as  the  water 
temperature  at  which  the  net  rate  of  heat  exchange  between  a  water  surface  and 
the  atmosphere  is  zero.  The  coefficient  of  surface  heat  exchange  is  the  rate 
at  which  the  heat  transfer  process  proceeds .  The  equation  describing  this 
relationship  is: 


Hn  =  Ke  (Te  -  T^) 


(11) 


where : 

=  net  rate  of  heat  transfer  in  kcal/mVsec 
Kg  =  coefficient  of  surface  heat  exchange  in  kcal/mVsec/'’C 
Tg  =  equilibrium  temperature  in  degress  Celsius 
Tg  =  surface  temperature  in  degrees  Celsius 

A  Heat  Exchange  Program  which  computes  these  terms  is  available  at  the  HEC 
[Corps  1974]. 

All  heat  transfer  mechanisms,  except  short  wave  solar  radiation,  apply  at 
the  water  surface.  Short  wave  radiation  penetrates  the  water  surface  and  may 
affect  water  temperatures  several  meters  below  the  surface.  The  depth  of 
penetration  is  a  function  of  adsorption  and  scattering  properties  of  the  water 
[Hutchinson  1957] .  This  phenomenon  is  unimportant  in  the  stream  routines  since 
elements  are  assumed  vertically  mixed. 

In  the  reservoir  routines,  however,  the  short  wave  solar  radiation  may 
penetrate  several  elements.  The  amount  of  heat  which  reaches  each  element  is 
determined  by: 

I  =  (1  -  ^)  (12) 


where : 

I  =  light  energy  at  any  depth  in  kcal/mVsec 

P  =  fraction  of  the  radiation  absorbed  in  the  top  foot  of  depth 
Iq  =  light  energy  at  the  water  surface  in  kcal/mvsec 
k  =  light  extinction  coefficient  in  1/meter 
z  =  depth  in  meters 

Combining  equations  (11)  and  (12)  for  the  reservoir  surface  element,  the 
external  heat  source  and  sink  term  becomes: 

H  =  Kg(Tg  -  Tg)  -  a  -  p)  (13) 

and  the  external  heat  source  for  all  remaining  reservoir  elements  becomes: 

I  =  I^Cl  -  e'^2)  (14) 


where : 


I„  •=  the  light  intensity  at  the  top  of  the  element  in  kcal/m^/sec 
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2.5  WATER  QUALITY  ANALYSIS 


2.5.1  Physical  and  Chemical  Constituents 

Water  quality  constituents  other  than  temperature  are  represented  by 
equation  (9)  with  minor  modifications; 

a.  The  definition  of  the  variable  T  is  generalized  to  represent  the 
concentration  of  any  water  quality  constituent. 

Aj^H 

b.  The  distributed  heat  gain/loss  term  -  is: 

p*c 


(1)  Eliminated  for  conservative  constituents 

(2)  Replaced  by  a  first  order  kinetic  decay  formulation,  -Kj^T, 

for  non- conservative  constituents  where  is  the  decay 

rate  in  1/day. 

(3)  Replaced  by  a  first  order  reaeration  term, 

As^K^CDO  -DO) -SO,  for  dissolved  oxygen  where  As  is 
the  element  surface  area,  is  the  reaeration  rate,  DO 

is  the  dissolved  oxygen  saturation  concentration  at  the  ambient 
temperature,  DO  is  the  existing  dissolved  oxygen  concentration, 
and  SO  is  the  benthic  uptake  rate. 

The  reservoir  reaeration  rate  is  computed  as  follows: 

K2  =  (a  +bw2)/Az  (15) 

where : 

K2  =  reaeration  rate  in  1/day  at  20 *0 

a,b  =  empirical  coefficients  derived  by  curve  fit  from  Kanwisher  [1963]  to 
be  0.50  and  0.025,  respectively. 

W  =  wind  speed  in  meters  per  second 

Az  =  surface  element  thickness  in  meters 


The  stream  reaeration  rate  is  computed  using  the  O' Conner -Dobbins  [1958] 
method: 


0.5 


a. 5 


(16) 


where ; 

K2  =  reaeration  rate  in  1/day  at  20»C 

Djjj  =  molecular  diffusion  coefficient  in  metersVday 

U  =  flow  velocity  in  meters/second 

D  =  average  stream  depth  in  meters 
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The  rates  at  which  chemical  and  biological  processes  take  place  are  normally  a 
function  of  temperature.  To  account  for  this  temperature  dependence,  all  first 
order  kinetic  rates  are  adjusted  for  local  ambient  temperatures  using  a 
multiplicative  correction  factor: 


=  T  <T-20) 
c 


(17) 


where : 


0  =  reaeration  rate  multiplicative  correction  factor 

Tj,  =  empirically  determined  temperature  correction  factor 
T  =  local  ambient  water  temperature  in  °C 

2.5.2  Phytoplankton  Analysis 

When  the  phytoplankton  option  is  selected,  the  distributed  heat  gain/loss 
term  is  replaced  by: 

Nitrate  Nitrogen. . .+  V«KNH3«NH^  -  V*KB*PN*P*PG(1-FN)  (18) 

where : 

KNH^  =  ammonia  decay  rate  adjusted  to  ambient  temperature 
NH2  =  ammonia  concentration 

KB  =  phytoplankton  activity  rate  at  ambient  temperature 
PN  =  nitrogen  fraction  of  phytoplankton  (PN=0.08) 

PG  =  phytoplankton  growth  rate 

P  =  phytoplankton  concentration 

FN  =  ammonia  fraction  of  available  nitrogen 

Phosphate  Phosphorous . . .+  V*KB»PP«P  (PR+PM-PG)  +  SP  (19) 

where : 

PP  =  phosphorus  fraction  of  phytoplankton  (PP=0.012) 

PR  =  phytoplankton  respiration  rate 

PM  =  phytoplankton  mortality  rate 

SP  =  benthic  source  rate  for  phosphorus 


Phytoplankton. . .+  V»KB*P  (PG-PR-PM)  -  -  (P«A_)»PS 

9z  ^ 


(20) 


where : 
PG 


=  phytoplankton  growth  rate 

C 


=  P, 


max 


I 


^2  ^  ^ 


I 


min 


(21) 


Pmax  “  maximum  phytoplankton  growth  rate 
C  =  nutrient  concentration  or  light  intensity 

C2  =  half  saturation  constant  for  phytoplankton  utilizing  nutrients  or 
light 

PS  =  phytoplankton  settling  rate 
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Ammonia  Nitrogen. . .+  V*KB*PN*P  (PR+PM-PG»FN)  +  SN 


(22) 


where ; 


SN  =  benthic  source  rate  for  ammonia  nitrogen  ' 

Dissolved  Oxygen. . .+  As«K2  (DO*-DO)  -  V*KL»L  -  V*KB*P  (PR*02R+PM* 

02R-PG*02G)  -  V»KNH3*NH3*02N-S0 


(23) 


where : 


KL  =  BOD  decay  rate  at  ambient  temperature 

02R  =  ratio  between  oxygen  consumed  and  phytoplankton  respiration  and  decay 
(02R  =  1.6) 

02G  =  ratio  between  oxygen  produced  and  phytoplankton  growth  (02G  =  1.6) 

02N  =  ratio  between  oxygen  consumed  and  ammonia  decay  (02N  =  4.6) 

Computation  of  the  reaeration  rate  for  dissolved  oxygen  and  the  first  order 
rate  adjustment  for  the  ambient  temperature  is  the  same  as  for  the 
non- phytoplankton  option  except  for  the  temperature  adjustment  for 
phytoplankton  growth  and  respiration.  The  ambient  temperature  adjustment 
factors  for  phytoplankton  growth  utilizes  the  temperature  limit  approach  which 
assumes  that  the  rate  at  which  a  reaction  takes  place  is  a  function  of  two 
exponential  expressions  similar  to  those  depicted  in  Figure  7.  The  temperature 
tolerances  define  the  functions  used  to  modify  the  growth  and  respiration 
rates.  The  temperatures  T1  and  T4  are  the  lower  and  upper  tolerance  limits, 
respectively,  for  growth,  and  T2  and  T3  define  the  optimum  range  at  which  the 
growth  is  a  maximum.  The  upper  range  of  the  optimum  temperature  T3  and  the 
upper  tolerance  limit  T4  for  phytoplankton  respiration  and  mortality  processes 
are  assxnned  outside  the  range  of  normal  prototype  temperatures. 

2.6  SOLUTION  TECHNIQUES 

2.6.1  Reservoir 


A  Gaussian  reduction  scheme  is  used  for  solving  the  differential  equations 
which  represent  the  response  of  the  water  quality  constituents  within  the 
reservoirs.  Equation  (9)  is  rewritten  in  a  form  where  a  "forward  time  and 
central  difference"  scheme  is  used  to  describe  all  the  derivative  processes. 
For  element  i  adjacent  to  elements  i-1  and  i+1  (see  Figure  8),  the  general  mass 
balance  equation  becomes : 


+Ti« 


+JL 

X  pc 


(24) 
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TEMPERATURE  ADJUSTMENT  FACTOR  (K) 


FIGURE  7 


RATE  COEFFICIENT  TEMPERATURE 
ADJUSTMENT  FUNCTION 
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where : 


V 

T 


subscripts  i,  i-1,  i+1  denote  element  numbers 
volume  of  the  fluid  element  in  m^ 

temperature  in  degrees  Celsius  or  water  quality  constituent 
concentration,  milligrams/liter 
computation  time  step  in  seconds 
element  area  at  the  fluid  element  boundary  in  m^ 
effective  diffusion  coefficient  in  mVsec 
element  thickness  (length  is  stream)  in  meters 
upward  advective  flow  (stream  flow)  between  elements  in  m^/sec 
downward  advective  flow  between  elements  in  m^/sec 
rate  of  flow  removal  from  the  element  in  m^/sec 
rate  of  inflow  to  the  element  in  m^/sec 

inflow  water  temperature  in  degrees  Celsius  or  constituent 
concentration  in  milligrams/liter 
external  sources  and  sinks  of  heat  in  kcal/sec 
water  density  in  kg/m^ 
specific  heat  of  water  in  kcal/kg/°C 


Recall  that  the  -  term  is  replaced  by  -kiT  or  k9(0*-0)  for 

p  •  c 

nonconservative  water  quality  constituents  and  dissolved  oxygen  respectively. 
A  finite  difference  equation  of  this  t3qpe  is  formed  for  each  element  and 
integrated  with  respect  to  time.  The  system  of  finite  difference  mass  balance 
equations  represents  the  response  of  water  quality  within  the  entire  reservoir, 
and  with  the  aid  of  a  numerical  integration  technique,  the  equations  are  solved 
with  respect  to  time. 

The  heat  or  mass  balance  at  any  element,  i,  can  take  the  form: 


V-  c  -  = 
11 


'i-l®i-l 


-  c 


i®i  ‘^i+l®i+l  Pj 


(25) 


where : 

Vj^  =  volume  of  element  i 

Cj^  =  time  rate  of  temperature  or  water  quality  constituent  concentration 
in  element  i 

Cj^  =  temperature  or  constituent  concentration  in  element  i 

=  the  bracketed  terms  of  the  mass  balance  equations  (i.e.,  advection, 
diffusion  and  change  of  volume) 

Pi  =  the  constant  term  for  each  element  i  (i.e.,  sources  and  sinks) 

The  complete  system  of  mass  balance  equations  for  the  n  elements  can  be 
written  in  the  matrix  form: 


[v]  {c}  *=  [s]  {c}  +  {p} 


(26) 
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where : 


[v]  =  an  n  X  n  matrix  with  the  element  volumes  on  the  diagonal  and  zeroes 
elsewhere 

{c}  =  a  colxjmn  matrix  of  the  rates  of  change  for  temperature  or  constituent 
concentrations  in  each  of  the  n  elements 

[s]  =  an  n  X  n  matrix  of  the  coefficients  which  multiply  the  temperature  or 
constituent  concentrations 

{c}  =  a  coliimn  matrix  of  the  temperature  or  constituent  concentrations  in 
each  segment 

{p}  =  a  coltunn  matrix  of  the  constant  terms  for  each  segment 

To  integrate  the  basic  equation  over  time,  the  following  ntunerical 
approximation  for  each  element  is  made. 

‘'t+At  =  ‘'t  +  (‘'t  +  ‘'t+At)  (27) 


where : 

c^,c^^^^  =  temperature  or  constituent  concentration  at  the 

beginning  and  end  of  an  integration  interval,  respectively 

Cj.,c^^^j.  =  rate  of  change  of  temperature  or  constituent 

concentration  at  the  beginning  and  end  of  an  integration 
interval ,  respectively 

At  =  the  length  of  an  integration  interval 


At  any  point  in  time  c^.  and  c^.  are  known,  thus  the  expression  becomes: 

At  • 

'^t+At  =  S  ^  ^t+At 


(28) 


where : 


Equation  (27)  rewritten  in  matrix  form  is: 

At  • 

(c)  =  (B)  +  —Y  {c} 


(29) 


where : 

{c}  =  a  column  matrix  of  temperatures  or  constituent  concentrations  at  the 
end  of  the  time  interval 

{B}  =  a  coliamn  matrix  of  the  terms  defined  in  Equation  (28) 

{c)  =  a  column  matrix  of  the  time  rate  of  change  in  temperature  or 
constituent  concentrations 
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Substituting  Equation  (29)  into  Eqxiation  (26): 


At  • 

[v]  (c)  =  [s]  (B)  +  [s]  {c}  +  (p) 


(30) 


or: 


[s*]  {c}  =  {p*} 


(31) 


where : 


*  At 

[S  ]  =  [v] - —  [s] 

{p*}  =  [s]  {B}  +  {p} 

Equation  (31)  forms  the  basis  for  a  solution,  as  there  is  only  one  unknown 
in  the  equation  (i.e.,  (c)).  The  following  recursive  scheme  can  be  used  for 

the  numerical  solution  of  equation  (31) . 

1.  Form  the  vector  {B}  from  the  initial  condition  or  the  solution  just 
completed. 

2.  Form  the  known  hydraulic  solution  and  known  boundary  conditions; 
define  the  conditions  which  will  exist  at  the  end  of  the  interval. 

3.  With  known  values  of  [v] ,  [s],  and  (p),  form  [s*]  and  {p*} . 

4.  Solve  for  (c)  at  time  (t  +  At). 

5.  Compute  {c}  by  substitution  in  equation  (29). 

The  above  recursive  scheme  is  that  used  in  many  computer  codes  and  has  proven 
to  be  very  stable. 


2.6.2  Stream 

A  linear  programming  algorithm  is  used  to  solve  a  fully  implicit  backward 
in  space,  forward  difference  in  time,  and  finite  difference 
approximation  of  equation  (24) .  This  approximation  has  the  general  form: 

t+1  t+1  t+1  t 

^i,i-l*^i-l  ^i,i^i  ®i,i+l*^i+i  '  ^i  =  i'i  (32) 

where  the  "a"  terms  are  coefficients  formed  from  the  area,  dispersion 
coefficients,  flows,  lengths  of  the  computational  elements,  and  time  step  for 
each  volume  element;  the  "C"  terms  are  the  unknown  temperatures  and  constituent 
concentrations  in  each  volume  element;  the  "b"  terms  are  constants  formed  from 
initial  conditions  or  previously  computed  conditions,  tributary  inputs  of  heat 
or  mass  loads  and,  depending  upon  the  context  (see  below) ,  the  reservoir 
releases . 
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Two  matrix  formats  are  used  in  the  stream  water  quality  simulation  module. 
The  first  can  be  used  to  solve  for  temperature  and  constituent  concentrations 
given  all  external  input.  This  format  is 

|a|c  =  b  (33) 


where  |a|  is  the  matrix  of  coefficient;  c  is  the  vector  of  unknown 
temperatures  or  constituent  concentrations ;  and  b  is  the  vector  of  constants . 
Expanding  the  notation  yields; 


^11  ^12 

^21  ®22 

0  a 


|A| 


0 

^23 

^33 


0 

^34 


(34) 


0 


^m-l,m-2  ^-l,m-l 

^,m-l 


^-l,m 

^,m 


0 


—  — 

‘^l 

II 

t  o 

C2 

"b  == 

L-  J 

>- 

In  this  format,  the  |a|  matrix  is  a  tri-diagonal  matrix  consisting  of 
m  X  m  elements,  where  m  is  the  number  of  stream  elements.  The  vectors  c  and  b 
both  consist  of  m  elements. 

The  |a|  matrix  will  not  necessarily  be  tri- diagonal  in  a  given 
application  of  the  stream  water  quality  simulation  module  to  a  particular 
stream  system  but  the  matrix  will  be  symmetrical  about  the  principal  diagonal 
and  will  always  be  a  square  matrix. 

This  format  is  used  in  the  water  quality  simulation  module  to  compute  the 
final  results  after  all  reservoir  operations  have  been  completed.  In  effect, 
the  linear  programming  algorithm  is  used  simply  as  a  matrix  solver  for  a 
simulation  model. 

The  second,  and  more  complex,  matrix  format  used  in  the  water  quality 
simulation  module  is  for  determining  the  temperature  and  constituent 
concentrations  that  must  come  from  the  reservoirs  to  satisfy  all  water  quality 
targets  in  the  stream  system.  In  effect  then,  the  second  format  is  used  to  (1) 
determine  which  control  point  controls  the  release  for  each  constituent  and  (2) 
determine  the  reservoir  release  water  qxiality  that  most  closely  satisfies  the 
targets  at  the  controlling  points. 
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This  decision  making  capability  is  achieved  by  (1)  transforming  the 
constituent  concentrations  at  each  control  point  into  a  specification  of  the 
target  and  the  deviation  of  the  concentration  above  or  below  the  target  and  (2) 
making  the  concentrations  in  the  reservoir  releases  unknown  so  that  they  can  be 
computed. 

The  transformation  used  at  control  points  to  specify  the  target  is: 


t+1  t+1  t+1 

3.  =C-+C.-  -G- 

1  01  +x  '^-1 


(35) 


where : 


C-^  =  temperature  in  degrees  Celsius  or  constituent  concentration  in 

milligrams/liter 

=  target  temperature  in  degrees  Celsius  or  constituent  concentration 
in  milligrams/liter 

C^.j^  =  deviation  of  simulated  temperature  or  constituent  concentration 

above  the  control  point  target 

C_£  =  deviation  of  simulated  temperature  or  constituent  concentration 

below  the  control  point  target 

This  transformation  is  substituted  into  equation  (32)  to  yield  the 
following  equation  which  is  applied  to  those  vol\mie  elements  that  are  located 
at  control  points: 


t+1 


H,i-l^i-l 


t+1 
i,i''+i  ■ 


t+1 


t+1  t 
'  ^i 


■  ^i.i^oi 


(36) 


where  the  (a^^  i^oi^  term  has  been  moved  to  the  right  hand  side  of  the 
equation  since  it  is  known.  Thus,  the  m  x  m  simulation  matrix  has  now  been 
transposed  into  a  m  x  n  rectangular  matrix,  where  n  —  m  +  NCP  and  NCP  is  the 
number  of  control  points. 


Equation  (36)  is  the  general  form  of  the  equation  used  for  all  voliome 
elements  in  formulating  decision  making  problems.  It  includes,  as  variables, 
the  constituent  concentrations  in  the  reservoir  releases,  although  the 
inclusion  is  not  obvious.  For  those  volume  elements  that  are  just  below 

reservoirs,  the  concentrations  represent  the  constituent  concentrations 

in  the  reservoir  releases.  In  the  simulation  model,  where  the  reservoir  release 

constituent  concentrations  are  known,  the  i-l*^i^l  berms  were  included 

in  the  b  vector  for  those  volume  elements  just  below  reservoirs.  For  the 

decision  making  model,  the  a^  i-l^i^l  terms  are  included  as  unknowns.  Thus 

the  m  X  n  simulation  matrix  has  been  made  even  more  elongated  in  variables  and 
n  is  now  m  +  NCP  +  NRES,  where  NRES  is  the  number  of  reservoirs  in  the  system. 
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One  additional  set  of  equations  is  included  in  the  water  quality  simulation 
module  to  ensure  that  realistic  results  are  obtained  in  computing  reservoir 
release  water  quality.  These  equations  are  applied  to  define  the  range  of 
constituent  concentrations  that  may  be  released  from  the  reservoirs.  Normally 
the  range  is  defined  by  two  inequalities: 


t+1 

Cr  > 


t+1 

Cr  < 


t+1 

*^min 


t+1 

■'max 


(37) 

(38) 


where ; 


t+1 

C  . 
min 

max 

^t+1 


=  minimum  temperature  or  constituent  concentration  in  reservoir 
water  quality  profile 

=  maximum  temperature  or  constituent  concentration  in  reservoir 
water  quality  profile 

=  final  computed  temperature  or  constituent  concentration  in 
reservoir  release 


In  practice,  these  inequalities  are  written  as  equalities  by  adding  slack 
and  surplus  variables . 


t+1 

t+1 

(39) 

Cr 

y 

surplus 

=  C  • 
min 

t+1 

t+1 

(40) 

Cr 

^slack 

_  f 

max 

Although  the  slack  and  surplus  variables  have  meaning,  in  the  water  quality 
simulation  routine  they  are  added  as  a  computational  necessity. 

With  the  problem  so  formulated,  the  jA|  matrix  of  equation  ^34)  consists 
of  (m  +  2  *  NRES)  rows  and  (m  +  NCP  +  N^S)  unknowns,  and  the  b  vector  consists 
of  (m  +  2  *  NRES)  constants.  The  |A|  matrix  may  be  conceptually 

partitioned  as  shown  in  Figure  9,  where  it  is  assumed  that  reservoirs  are  above 
volume  elements  1  and  3,  that  these  reservoirs  are  in  tandem  and  that  volxime 
elements  1,  3,  7  and  m  are  control  points. 
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Variables  1,  3,  7  and  m  are  expressed  as  deviations  from  target  concentrations  at  the  respective 
control  points. 


There  are  a  number  of  solutions  that  will  satisfy  a  matrix  that  is  not 
square  (i.e.,  m  x  m) .  The  purpose  of  using  a  linear  programming  solution  is  to 
select  the  solution  that  best  satisfies  the  objectives  of  the  reservoir 
operation  on  downstream  water  quality.  However,  it  is  known  that  one  class  of 
solutions  will  never  appear:  at  no  time  will  the  variables  that  describe  the 
positive  and  the  negative  deviations  from  the  control  point  target  constituent 
concentrations  appear  simultaneously  in  the  solution.  At  all  times,  one  or  the 
other  deviation  will  appear,  but  not  both.  It  is  also  known  that  the  reservoir 
release  constituent  concentrations  will  always  appear  in  the  final  solution. 
Thus,  selecting  the  solution  that  best  satisfies  the  objectives  of  the 
reservoir  operation  on  downstream  water  quality  reduces  to  selecting  which 
control  point  deviation  variable  appears  in  the  final  solution  and  the 
numerical  value  attached  to  that  variable.  Once  this  numerical  value  is  known, 
it  is  known  that  the  deviation  of  the  opposite  sign  is  zero  so  that  the  actual 
control  point  constituent  concentration  can  be  computed  using  equation  (35) . 

The  objective  function  is  used  in  a  linear  programming  formulation  to 
quantitatively  describe  the  desirabiity  of  any  given  solution  to  a  formulated 
problem.  In  the  water  quality  simulation  module,  a  minimization  routine  is 
used  which  is  expressed  as: 


minimize  z  =  p  c  (^1) 

The  actual  value  of  z  is  immaterial  to  the  water  quality  simulation  module; 
it  is  just  an  index  by  which  the  desirability  of  the  solution  is  determined. 

The  vector  c  is  the  same  vector  c  in  equation  (33)  except  that,  as  previously 
described,  it  includes  the  variables  representing: 

1.  The  deviations  from  the  control  point  targets  for  those  volume  elements 
that  represent  control  points 

2.  The  constituent  concentrations  in  all  other  volume  elements 

3.  The  constituent  concentrations  in  the  reservoir  releases. 

The  vector  p  represents  the  penalty  associated  with  the  appearance  of  a_^ 
given  variable  in  the  final  solution.  Logically,  the  penalties  in  p  are 
nonzero  only  at  control  points  and  are  applied  only  for  the  variables  that 
represent  deviations  from  the  target. 

The  water  quality  simulation  module  is  structured  flexibly  so  that 
different  penalties  can  be  assigned  for  each  control  point,  for  each 
constituent  and  for  each  deviation,  above  and  below.  The  magnitude  of  the 
penalty  is  unimportant,  as  long  as  it  is  nonzero  where  necessary  and 
realistically  represents  the  desired  policy.  For  instance,  for  a  temperature 
target  expressed  as  "the  temperature  at  control  point  I  shall  not  exceed 
20‘’C,  or 


TI  <  20, 
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the  penalty  for  the  positive  deviation  at  control  point  I  could  be  set  to  1.0, 
and  the  penalty  for  the  negative  deviation  could  be  set  to  0.0.  Obviously, 
when  trying  to  minimize  z,  as  shown  in  equation  (41),  the  linear  programming 
algorithm  would  try  to  ensure  that  the  variable  representing  the  negative 
deviation  would  appear  in  the  final  solution  since  a  lower  value  of  the  index  z 
would  result. 

If  it  was  twice  as  important  that  the  target  temperature  at  control  point  I 
be  maintained  than  at  another  control  point,  say  J,  then  the  penalty  associated 
with  a  positive  deviation  from  the  target  at  I  could  be  set  to  2.0,  and  the 
penalty  associated  with  a  similar  positive  deviation  at  J  could  be  set  to  1.0. 
Of  course,  the  penalties  associated  with  negative  deviations  at  both  I  and  J 
would  be  set  to  0.0. 

Similar  logic  is  used  for  setting  penalties  for  constituents  that  must 
always  exceed  a  target  value,  such  as  dissolved  oxygen.  The  nonzero  penalties 
are  applied  to  the  variables  representing  negative  deviations ,  and  the 
variables  that  represent  positive  deviations  are  given  penalties  of  0. 

In  specifying  the  penalties  for  violating  control  point  targets ,  the 
relative  importance  of  one  unit  of  measure  for  the  various  constituents  must  be 
considered.  As  an  example,  the  importance  of  a  one  mg/1  violation  of  a  total 
dissolved  solids  target  value  would  normally  be  much  less  than  a  one  mg/1 
violation  of  a  dissolved  oxygen  target;  therefore,  the  penalties  for  violating 
dissolved  oxygen  targets  would  normally  be  much  greater  than  those  for  total 
dissolved  solids. 


2.6.3  Gate  Selection 

The  port  selection  algorithm  serves  to  determine  which  ports  should  be  open 
and  what  flow  rate  should  pass  through  each  open  port  in  order  to  maximize  a 
function  of  the  downstream  water  quality  concentrations.  Solution  of  this 
problem  is  accomplished  by  using  mathematical  optimization  techniques.  The 
objective  function  is  related  to  meeting  downstream  target  qualities  subject  to 
various  hydraulic  constraints  on  the  individual  ports. 

Kaplan  [1974]  solved  a  similar,  although  more  difficult,  problem  by 
including  in  the  constraint  set  upper  and  lower  bounds  on  the  release 
concentration  of  each  water  quality  constituent.  Kaplan  also  considered  as 
part  of  his  objective  fimction  the  reservoir  water  quality  that  resulted  from 
any  particular  operation  strategy.  A  penalty  function  approach  was  used  to 
incorporate  the  many  constraints  into  the  objective  function,  which  could  then 
be  solved  as  an  unconstrained  nonlinear  problem.  For  the  problem  of  interest 
with  respect  to  HEC-5Q,  with  appropriate  transformations  it  is  possible  to 
formulate  a  quadratic  objective  function  with  linear  constraints.  Mathematical 
optimization  techniques  are  available  to  exploit  the  special  structure  of  this 
problem  and  to  solve  it  efficiently. 

The  hydraulic  structure  under  consideration  is  composed  of  two  wet  wells, 
containing  up  to  eight  ports  each,  and  a  flood  control  outlet.  It  is  assumed 
that  releases  through  any  of  these  ports  (including  the  flood  control  outlet) 
leave  the  reservoir  through  a  common  pipe.  At  any  given  time,  only  one  port  in 
either  wet  well  and  the  flood  control  outlet  may  be  operated.  Hence,  the 
algorithm  provides  flows  through  three  ports  at  most. 
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The  HEC-5  model  also  provides  for  releases  through  an  \ancontrolled 
spillway.  These  releases  are  not  a  part  of  the  gate  selection  algorithm,  but 
the  water  quality  of  the  spillway  releases  are  considered  by  the  gate  selection 
algorithm. 

The  algorithm  proceeds  by  considering  a  sequence  of  problems,  each 
representing  a  different  combination  of  open  ports.  For  each  combination,  the 
optimal  allocation  of  total  flow  to  ports  is  determined.  The  combination  of 
open  ports  with  the  highest  water  quality  index  defines  the  optimal  operation 
strategy  for  the  time  period  under  consideration. 

There  are  four  different  types  of  combinations  of  open  ports.  For  one-port 
problems  all  of  the  flow  is  taken  from  a  single  port,  and  the  water  quality 
index  is  computed.  For  two -port  problems  combinations  of  one  port  in  each  wet 
well  and  combinations  of  each  port  with  the  flood  gate  are  considered.  For 
three -port  problems  combinations  of  one  port  in  each  wet  well  and  the  floodgate 
are  considered.  The  total  flow  to  be  released  downstream  is  specified  external 
to  the  port  selection  module,  but  if  the  flow  alteration  option  is  selected, 
then  the  flow  can  be  treated  as  an  additional  decision  variable;  and  the  flow 
for  which  the  water  quality  index  is  maximized  is  also  determined. 

For  each  combination  of  open  ports,  a  sequence  of  flow  allocation 
strategies  is  generated  using  a  gradient  method,  a  gradient  projection  method, 
or  a  Newton  projection  method  as  appropriate.  The  value  of  any  flow  allocation 
strategy  is  determined  by  evaluation  of  a  water  quality  index  subject  to  the 
hydraulic  constraints  of  the  system.  The  sequence  converges  to  the  optimal 
allocation  strategy  for  the  particular  combination  of  open  ports. 


To  evaluate  the 
strategy,  first  the 
is  computed. 


water  quality  index  for  a  feasible  flow  allocation 
release  concentration  for  every  water  quality  constituent 


where ; 


N 

I  (^cp  Qp)  ;  '^=1' 

p=l 


P=1 


(42) 


=  release  concentration  for  constituent  c 
c  =  index  for  constituents 

p  =  index  for  open  ports 

N  =  number  of  open  ports 

=  concentration  of  constituent  c  at  port  p 
Q  «=  flow  rate  through  port  p 

=  niimber  of  constituents  under  consideration 

The  deviation  of  release  qualities  from  downstream  target  qualities  can  be 
computed. 


Dc  =  Rc  -  T^; 


c  =  1. 


(43) 
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where : 


=  deviation  of  constituent  C 

=  downstream  target  quality  for  constituent  C 
The  subindex  S^,  for  each  constituent  can  be  determined  by: 

=  f(D^);  c  =  1.  (44) 

Where  the  function  f  takes  the  form  of  the  sixth  order  polynominal: 


2  3  4  5 

f(D^)  «  a  +  bD^  +  cD^  +  dD^  +  eD^  +  fD^ 


(45) 


In  selecting  these  coefficients ,  the  magntiude  and  importance  of  the  water 
quality  parameter  should  be  considered.  To  aid  in  the  coefficient  selection 
process,  Table  2,  Figure  10  and  the  following  discussion  are  provided. 


TABLE  2.  Typical  Coefficients  in  Constitutent  Suboptimization  Function 

Coefficient 

Curve 


Number 

a* 

b 

c 

d 

e 

f 

1 

100 

0.0 

-  0.1 

0.0 

0.000 

0 

2 

100 

0.0 

-  2.0 

0.0 

0.000 

0 

3 

100 

0.0 

-  10.0 

0.0 

0.000 

0 

4 

100 

-  3.2 

-  0.7 

-  0.1 

-  0.005 

0 

5 

100 

3.2 

-  0.7 

0.1 

-  0.005 

0 

*a  should  always  equal  100 


Curves  1  through  3  are  functions  where  equal  weight  is  given  to  deviation 
on  either  side  of  the  target  concentration.  Under  normal  conditions,  this  t3?pe 
of  function  should  be  used. 

Curve  niomber  1  would  be  used  for  a  quality  parameter  such  as  TDS  since  wide 
variations  from  the  target  are  normally  allowable .  For  a  parameter  such  as 
nitrate  where  the  concentration  is  low,  curve  number  3  would  be  appropriate. 
Curve  number  2  might  be  used  for  temperature  or  other  paramters  where  the 
concentration  range  is  5  to  25. 


Curves  number  4  and  5  are  functions  where  deviations  about  the  target  are 
not  weighted  equally.  Curve  number  4  could  be  used  for  a  toxic  parameter  where 
the  lowest  discharge  concentration  would  be  desirable,  conversely,  curve  5 
could  be  used  for  a  parameter  where  a  higher  concentration  is  always 
desirable.  Curve  5  might  be  appropriate  for  dissolved  oxygen  in  some 
applications . 


In  summary,  almost  any  shape  of  function  can  be  developed  (a  curve  fit 
routine  will  be  very  helpful)  using  the  sixth  order  polynomial  function.  In 
developing  these  functions ,  the  importance  of  the  parameter  and  the  normal 
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anticipated  concentration  magnitude  are  the  major  considerations.  Keep  in  mind 
that  the  weighting  factor  can  be  set  to  zero  if  the  quality  parameter  is 
unimportant . 

Finally,  the  scalar  water  quality  index  can  be  determined  by: 


Nc 

Z  =  I  (46) 

c=l 


where : 


Z  =  water  quality  index 

Wc  =  weighting  factor  for  constituent  c 

S„  =  sub index  for  constituent  c  and: 
c 


(47) 


In  summary,  the  problem  of  determining  the  optimal  allocation  of  flows  to 
ports  for  a  particular  combination  of  open  ports  and  for  a  specified  total  flow 
rate  Q  can  be  expressed  as  follows: 


MAX 


N, 


(  I  Sc) 


(48) 


c~l 


Subject  to: 


I  Qn=Q 

p=l 

^min,p  ~  ^p  “  ^max,p  ’  ^p 

where  Fjjiin  ^max  minimum  and  maximum  acceptable  flow  rates 

through  a  port. 


When  an  acceptable  flow  range  Qio^er  ^upper  specified,  then  the 


problem  is  written  as: 

MAX 

% 

Subject  to: 


N, 


(  I  s^) 


c=l 


N, 


^  I  Q, 


Slower  -  ■'p 

p-1 


upper 


^min,p  -  Qp  -  ^max,p  ’  ^p 
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Curve  4 
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FIGURE  10.  Relationship  Between  the  Deivation  from  the 
Release  Target  Quality  and  the  Suboptimization  Function  for  the 
Coefficients  Presented  in  Table  2 


These  problems  are  solved  very  efficiently  by  using  mathematical 
optimization  techniques  that  take  advantage  of  the  problem  structure ,  namely  a 
quadratic  objective  function  with  linear  constraints. 


2.6.4  Flow  Alteration  Routine 


The  flow  alteration  routine  is  designed  to  change  the  reservoir  releases, 
computed  by  the  flow  simulation  module,  to  better  satisfy  the  stream  control 
point  water  quality  objectives.  There  are  two  flow  alteration  routines 
contained  in  HEC-5Q.  The  first  is  contained  in  the  selective  withdrawal 
algorithm  and  is  described  in  Section  2.6.3,  Gate  Selection.  Flows  are 
increased  in  the  gate  selection  algorithm  if  increasing  the  flow  will  result  in 
releases  that  better  meet  the  reservoir  release  targets  called  for  by  the 
stream  linear  programming  algorithm. 

The  second  flow  alteration  routine  computes  increases  in  reservoir  releases 
to  ensure  that  control  point  targets  are  met  insofar  as  is  possible.  The 
routine  is  designed  about  a  mass  balance  for  all  reservoir  releases  and  all 
control  points  affected  by  those  releases.  Tributary  inflows  and  other  flow 
changes  are  included.  Second  order  effects,  such  as  reaeration  and  external 
heating  due  to  increased  or  decreased  stream  surface  area,  are  not  included. 


The  procedure  is  as  follows : 

1.  The  relative  mass  that  needs  to  be  added  in  the  flow  at  the  control 
point  (for  those  constituents  below  the  target)  or  reduced  in  the 
flow  at  the  control  point  (for  those  constituents  above  the  target) 
is  computed  using: 

^  -  Qcp  (Co  -  C^p)  (^^9) 

where : 


=  flow  at  the  control  point  as  determined  by  the  flow  simulation 
module 

=  target  constituent  concentration  at  the  control  point 
=  computed  constituent  concentration  at  the  control  point 


2.  The  average  reservoir  release  concentration  is  computed  for 
all  reservoirs  for  which  the  constituent  concentration  in  the 

releases  is  greater  than  the  target  concentration  at  the  control  point 
of  interest  (for  those  constituents  below  the  target)  or  for  which  the 
constituent  concentration  in  the  releases  is  less  than  the  target  at 
the  control  point  of  interest  (for  those  constituents  above  the 
target) .  Thus : 


%i 


Ci  /  I  Qri 
i=l 


(50) 
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where : 


=  average  constituent  concentration  in  reservoir  releases  for  only 

those  reservoirs  releasing  flow  with  constituent  concentrations 
adequate  to  dilute  the  control  point  concentration  and  bring  it  to 
the  target 

=  flow  release  from  reservoir  i 

=  constituent  concentration  in  release  from  reservoir  i 
n  =  number  of  reservoirs 

The  sums  are  taken  only  over  those  reservoirs  i  that  are  capable  of 
diluting  the  control  point  constituent  concentration  that  is  of  poorer  quality 
than  the  target  concentration. 

3 .  The  total  dilution  flow  requirement  is  then  computed  by  the  following 
quotient : 


AM 

Qa  =  —  (51) 


where  is  the  total  flow  release  needed  to  bring  the  constituent 
concentration  at  the  control  point  of  interest  to  the  target. 

The  flow  is  then  apportioned  to  the  reservoirs  capable  of  bringing  the 
control  point  constituent  concentration  to  the  target  in  proportion  to  the 
flows  originally  computed  for  those  reservoirs  by  the  flow  simulation 
module . 


Thus  the  flow  augmentation  requirement  can  be  computed  for  each  control  point 
and  for  each  constituent.  The  various  computed  flow  rates  are  then  combined  by 
using  the  coefficients  of  the  linear  programming  objective  function  and  the 
deviation  of  the  respective  constituent  concentrations  from  the  target 
concentrations  at  each  respective  control  point  as  follows: 


Qk  = 


N 


I 

i=l 


cp 


^cc 

1  P-- 

j=i  ^ 


(c. . 


N 


,cp 


-  Cio) 


-I 

i=l  j=l 


?cp 

I  Qk 


"ij  (Cij 


Cio)  (52) 


where : 


Qg  =  flow  release  from  reservoir  k 

=  number  of  control  points  affected  by  both  reservoirs 
=  number  of  constituents 

Pj[j  =  linear  programming  objective  function  coefficient  for  constituent  j 
at  control  point  i. 

^ij  ”  computed  concentration  of  constituent  j  at  control  point  i 
_  =  target  concentration  of  constituent  i 


Once  the  is  determined,  using  equation  (51) ,  the  flow  simulation 
module  is  recalled,  and  the  daily  computations  for  flow  and  water  quality  are 
solved  again  for  the  final  results. 
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3  INPUT  STRUCTURE 


3.1  Organization  of  Input 

The  input  structure  is  designed  to  be  flexible  with  respect  to  specifying 
characteristics  of  the  reservoir  system  and  other  inputs  to  the  system.  Each 
input  record  is  described  in  detail  in  Exhibit  3 .  The  last  two  pages  of  the 
exhibit  are  a  "Summary  of  Input  Records."  The  summary  shows  the  order  in  which 
the  records  should  be  placed. 


3.2  T3T)e  of  Input  Records 

The  various  types  of  records  used  are  identified  by  two  characters  in 
columns  1  and  2.  These  characters  are  read  by  the  computer  to  identify  the 
record.  Types  of  records  are  as  follows: 

a.  Title  Records  -  TI.  Three  title  records  are  required. 

b.  Job  Control  Records  -  JA.  This  record  is  required  and  specifies  length 
of  simulation,  number  of  control  points,  and  water  temperature  units. 

c.  Water  Quality  Constituent  Records  -  OC.  This  record  identifies  which 
water  quality  constituents  will  be  modeled.  It  provides  control  over 
the  number  of  records  to  be  read. 

d.  Reservoir  Records  -  LI  through  CR.  These  records  are  used  to  control 

the  reservoir  simulation  and  describe  the  characteristics  of  the 
reservoir.  All  records  except  L5,  L6  and  L7  are  required.  Required 
records  define  the  printout  interval  (LI  record) ,  miscellaneous 
physical  constants  (L2  record) ,  effective  reservoir  length  (LR  record) , 
effective  diffusion  coefficients  (L3  and  L4  records) ,  effective 
reservoir  width  (L8  records),  initial  reservoir  temperature  and  water 
quality  profiles  (L9  -  SC  records) ,  and  various  modeling  coefficients 

(K1  -  CR  records).  Optional  records  (L5,  L6  and  L7)  define  the 

characteristics  of  the  flood  control  outlet,  the  uncontrolled  spillway 
and  the  wet  wells.  These  records  are  optional  to  the  extent  that  the 
reservoir  is  not  required  to  have  all  outlet  options.  Records  TQ,  Cl  - 
SC,  and  K1  -  CR  are  optional  in  that  they  are  not  required  if  only 
temperature  is  simulated. 

e.  Stream  Records  -  SI  through  CT.  All  stream  records  are  required. 
These  records  define  printout  controls  and  the  amount  of  channel 
geometry  data  (SI  record),  reach  limits  and  local  inflow  locations  (S2 
cards) ,  reaeration  controls  (SR  and  SK  records) ,  channel  cross  section 
geometry  data  (S3  records),  typical  energy  grade  line  elevations  (S4 
records) ,  nonconservative  constituent  decay  rates  (KR  records)  and 
water  quality  objectives  (CT  records). 

f.  Local  Inflow  Temperature  -  II  through  14.  Record  II  is  required  to 
define  the  period  of  the  inflow.  Each  tributary  inflow  point  requires 
an  12  record  plus  sets  of  either  13  or  14  records  (but  not  both)  to 
define  water  quality  over  the  period  of  record. 
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g-  Water  Surface  Heat  Exchange  -  EZ  and  ET.  One  EZ  record  identifies  the 
station  for  the  ET  records  which  follow.  One  ET  record  defining 
surface  heat  exchange  characteristics  is  required  for  each  day  of 
simulation. 

Optimization  Objective  Functions  and  Relative  Weights  -  PL  and  WT. 
These  records  define  the  shape  of  the  objective  function  for  each 
constituent  (water  quality  index)  and  the  relative  weight  between 
constituents . 

Gate Operations  -  G1  and  G2 ,  These  records  define  the  operation 

schedule  for  the  wet  wells ,  flood  control  outlet  and  uncontrolled 
spillway.  The  values  can  be  actual  flows  or  relative  weightings. 

4.  OUTPUT 

Options  to  control  output  from  the  water  quality  simulation  module  are 
limited  to  omitting  the  printout  of  channel  cross  section  geometry  and  defining 
the  frequency  (in  time  and  space)  at  which  temperature  and  water  quality 
simulation  results  are  printed.  These  options  are  specified  by  use  of  the  LI 
and  SI  records. 

The  sequence  of  printout  from  the  water  quality  simulation  module  is:  (a) 
miscellaneous  information  transferred  from  the  flow  simulation  module,  (b)  job 
titles  and  simulation  control  data,  (c)  reservoir  related  input  data,  (d) 
stream  related  input  data,  (e)  input  water  quality  objectives  at  control 
points,  (f)  results  of  the  reservoir  water  quality  simulation,  and  (g)  results 
of  the  stream  water  quality  simulation.  Items  (a)  through  (e)  are  printed  at 
the  beginning  of  the  run  prior  to  the  actual  water  quality  analysis.  Items  (f) 
and  (g)  are  printed  during  each  simulation  iteration.  During  the  simulation 
and  in-between  the  printed  reservoir  and  stream  results ,  selected  data 
transferred  from  the  flow  simulation  module  to  the  water  quality  module  may  be 
printed.  A  detailed  description  of  these  items  that  appear  in  the  output  is 
provided  below. 

3-  Flow  Simulation  Module  Geometry  and  Flow  Data.  The  geometry  and  flow 
data  transferred  from  the  flow  simulation  module  to  the  water  quality 
simulation  module  includes: 

(1)  Job  titles 

(2)  Miscellaneous  reservoir  and  stream  channel  discharge  control  data 
and  routing  information. 

(3)  The  elevation  versus  storage  versus  surface  area  tables  defining 
the  reservoir  geometry. 

The  printout  of  some  of  the  above  data  may  be  suppressed  at  the  users 
option  (JA  card.  Field  7). 

Job  Titles  and  Simulation  Controls.  Selected  information  from  data 
records  TI  through  TQ  are  printed.  Simulation  controls  include  the 
length  of  simulation,  input  units,  and  identification  of  water  quality 
constituents  to  be  simulated. 
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c.  Reservoir  Related  Input  Data.  The  reservoir  related  data  include  data 
from  records  LI  through  CR,  II  through  14,  and  data  transferred  from 
the  flow  simulation  module.  These  data  include: 

(1)  Miscellaneous  geometric  data,  reservoir  light  attenuation 
characteristics  and  diffusion  coefficients. 

(2)  Outlet  characteristics  of  the  flood  control  outlet,  uncontrolled 
spillway  and  the  wet  wells  of  the  reservoir's  selective  withdrawal 
structure. 

(3)  Table  of  reservoir  geometry  data  and  initial  temperature  and  water 
quality  data  which  includes  both  the  input  data  and  interpolated 
data  for  each  fluid  element.  The  geometry  data  includes 
elevation,  area,  volume  and  width  at  the  dam. 

(4)  Reservoir  inflow  water  quality  data. 

d.  Stream  Related  Input  Data.  The  stream  related  data  include  data  from 
the  SI  through  14  records.  These  data  include: 

(1)  Miscellaneous  print  and  read  controls. 

(2)  Control  point  locations,  fluid  element  lengths,  location  of  local 
inflows  and  the  fraction  of  the  incremental  local  inflow 
discharged  at  the  various  locations. 

(3)  Stream  channel  cross  section  geometry  tables.  These  tables  define 
the  relationship  between  elevation  and  area,  hydraulic  radius  to 
the  two -thirds  power,  width.  Manning's  n  and  flow.  The  printout 
of  these  geometry  tables  may  be  suppressed  at  the  users  option. 

(4)  Tributary  inflow  water  quality  data. 

e.  Water  Quality  Objectives  at  Control  Points.  The  water  quality 
objectives  include  data  input  on  the  CT  records.  These  data  include 
the  control  point  objectives  and  the  objective  function  parameters. 

f.  Results  of  the  Reservoir  Simulation.  The  results  of  the  reservoir 
simulation  are  printed  at  intervals  specified  by  the  user.  This  output 
is  printed  during  the  appropriate  simulation  iteration  and  includes: 

(1)  Equilibrium  temperature,  heat  exchange  rates,  short  wave  solar 

radiation  and  wind  speed.  (These  data  are  input  via  the  ET 

records . ) 

(2)  The  reservoir  inflow  rate,  outflow  rates  through  the  various 
outlets,  mean  outflow  temperature  and  water  quality,  outflow 
temperature  and  water  quality  objectives  and  the  reservoir 
elevation,  surface  area  and  volume. 

(3)  Computed  reservoir  temperature  and  water  quality  profiles. 
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S'  — of  the  Stream  Simulation.  The  results  of  the  stream  simulation 

are  printed  at  intervals  specified  by  the  user.  This  output  is  printed 
during  the  appropriate  simulation  iteration  and  includes: 

(1)  Equilibrium  temperature,  heat  exchange  rates,  short  wave  solar 
radiation  and  wind  speed.  (These  data  are  input  via  the  ET 
records . ) 

(2)  Reservoir  outflow  rates,  temperature  and  water  quality. 

(3)  Local  inflow  rates,  temperature  and  water  quality. 

(4)  Computed  stream  temperature  and  water  quality  distributions. 

(5)  Stream  temperature  and  water  quality  targets. 

An  example  of  the  output  from  this  module  is  provided  in  Test  Problem  1  of 
Exhibit  1. 
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Input  for  six  water  quality  test  problems  are  shown  in  this  exhibit  along 
with  a  general  description  of  each.  Output  for  Test  Problem  1  is  also  shown  as 
an  illustration  of  t3rpical  output. 


TEST  PROBLEM  1  -  Standard  Parallel  Reservoir  Case 


a.  The  system  simulated  in  this  test  of  the  water  quality  simulation  module 
consists  of  two  parallel  reservoirs  and  the  downstream  system.  The 
system  diagram  is  shown  on  the  following  page. 

b.  The  reservoir  characteristics  are: 


Baker  Reservoir  Smith  Reservoir 


Reservoir  depth  250  ft  115  ft 

Reservoir  capacity  1,688,00  ac-ft  1,130  ac-ft 

Flood  control  outlet  Yes  No 

Uncontrolled  Spillway  No  Yes 

Number  of  wet  wells  2  2 

Gates  per  wet  well  4  4 


The  stream  system  consists  of  a  5.5  mile  stretch  from  Baker  Reservoir  to 
the  confluence  with  the  stream  on  which  the  Smith  Reservoir  is  located. 
Smith  Reservoir  is  4.7  miles  above  the  confluence.  The  energy  grade 
line  (EGL)  slope  from  Baker  reservoir  to  the  confluence  is  0.00065.  The 
EGL  slope  from  the  Smith  reservoir  to  the  confluence  is  0.0014.  From 
the  confluence  (CP  #30)  to  CP  #40,  the  EGL  slope  is  0.00057  and  from  CP 
#40  to  river  mile  30.4  the  EGL  slope  is  0.00065.  Below  river  mile  30.4, 
to  the  end  of  the  system,  the  EGL  slope  is  0.000076. 

Tributary  inflows  are  input  to  the  stream  system  at  two  points  RM  45 
and  RM  30. 


e.  Temperature,  total  dissolved  solids  (TDS) ,  carbonaceous  BOD  and 
dissolved  oxygen  are  simulated.  Local  inflow  temperature  values  for 
both  of  the  two  reservoirs  and  for  the  stream  system  are  furnished  as 
departures  from  the  equilibrium  temperature.  Similarly,  carbonaceous 
BOD  is  furnished  as  five-day  values  and  a  factor  of  1.463,  based  on  a 
bottle  BOD  decay  rate  of  0.23  per  day,  is  used  to  convert  the  five-day 
to  ultimate  values .  TDS  and  dissolved  oxygen  concentrations  were 
furnished  in  mg/1. 
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f.  The  water  quality  objectives  for  the  control  points  are  expressed  as 
follows : 

1.  Temperature;  less  than  or  equal  to  the  specified  value 

2 .  TDS :  less  than  or  equal  to  the  specified  value 

3.  Carbonaceous  BOD:  less  than  or  equal  to  the  specified  value 

4.  Dissolved  oxygen:  greater  than  or  equal  to  the  specified  value. 

Different  weights  are  place  on  each  constituent  at  each  control  point 
(see  CT  cards  in  input  data  listing). 

g.  The  recommended  weights  and  objective  parameters  were  used  for  the  gate 
selection  routine  (see  WT  and  PL  cards). 

A  complete  listing  of  the  input  data  file  follows.  Following  the  data 
listing,  selected  simulation  results  are  presented  as  an  illustration  of  example 
output.  The  simulation  results  that  have  been  omitted  are  the  repetitive  printed 
tables  that  show  simulated  stream  and  reservoir  water  quality  on  days  after  day 
130.  A  complete  output  listing  is  included  with  the  computer  source  code 

distribution. 
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2650.1 

8.58 

ET 

180 

74.58 

135.1 

2650.1 

8.54 

ET 

181 

74.58 

215.0 

2550.0 

14.58 

ET 

182 

80.55 

135.6 

2550.8 

8.51 

ET 

183 

80.59 

185.1 

2550.8 

10.57 

ET 

184 

83.54 

205.0 

2450.3 

10.56 

ET 

185 

83.50 

205.2 

2450.8 

10.56 

ET 

186 

82.50 

145.0 

2550.8 

7.58 

ET 

187 

83.57 

105.5 

2550.4 

5.57 

ET 

188 

89.50 

85.1 

2550.7 

4.54 

ET 

189 

89.52 

105.4 

2550.9 

4.52 

ET 

190 

86.57 

145.1 

2450.9 

6.55 

ET 

191 

82.55 

165.3 

2450.5 

8.57 

ET 

192 

77.54 

165.3 

2550.5 

10.55 

ET 

193 

79.50 

105.1 

2550.9 

6.58 

ET 

194 

87.51 

85.2 

2550.5 

4.50 

ET 

195 

82.50 

165.8 

2450 . 9 

9.56 

ET 

196 

78.59 

165.8 

2450.7 

10.53 

ET 

197 

76.58 

145.4 

2550.0 

9.58 

ET 

198 

85.58 

95.6 

2550.9 

4.59 

ET 

199 

83.50 

145.6 

2450.7 

7.57 

ET 

200 

81.54 

205.3 

2450.6 

11.50 

ET 

201 

77.55 

145.3 

2450.5 

9.51 

ET 

202 

77.58 

125.0 

2550.5 

8.50 
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ET 

203 

82.52 

105.7 

2450.6 

6.52 

ET 

204 

79.54 

125.5 

2450.3 

7.59 

ET 

205 

80.52 

115.4 

2450.2 

6.55 

ET 

206 

84.59 

85.9 

2450.7 

4.50 

ET 

207 

89.54 

85.8 

2450.1 

3.51 

ET 

208 

88.57 

95.9 

2350.6 

4.55 

ET 

209 

82.58 

135.1 

2350.5 

7.58 

ET 

210 

78.56 

155.3 

2350.3 

8.53 

ET 

211 

77.51 

155.5 

2350.2 

9.52 

ET 

212 

79.53 

125.3 

2350.3 

7.57 

ET 

213 

83.59 

105.3 

2350.8 

5.55 

ET 

214 

84.54 

115.8 

2350.0 

5.58 

ET 

215 

79.54 

175.7 

2250.5 

10.54 

ET 

216 

76.56 

175.7 

2350.9 

10.55 

ET 

217 

75.50 

115.1 

2350.3 

7.56 

ET 

218 

79.52 

105.2 

2350.8 

6.59 

ET 

219 

84.54 

95.9 

2250.2 

4.57 

ET 

220 

83.50 

105.5 

2250.9 

5.59 

ET 

221 

83.53 

95.9 

2250.4 

5.58 

ET 

222 

78.55 

135.9 

2250.7 

8.59 

ET 

223 

78.58 

165.9 

2250.5 

9.54 

ET 

224 

83.56 

115.8 

2150.0 

5.58 

ET 

225 

82.54 

125.9 

2150.5 

6.55 

ET 

226 

79.58 

135.4 

2250.7 

7.56 

ET 

227 

81.59 

95.2 

2250.6 

5.55 

ET 

228 

85.58 

85.2 

2150.8 

4.55 

ET 

229 

79.57 

155.6 

2150.0 

8.57 

ET 

230 

87.54 

75.6 

2150.9 

3.52 

ET 

231 

86.54 

75.1 

2150.0 

3.57 

ET 

232 

90.50 

65.8 

2150.1 

2.53 

ET 

233 

85.53 

85.0 

2150.1 

4.58 

ET 

234 

85.52 

85.0 

2150.5 

4.53 

ET 

235 

84.58 

95.2 

2050.7 

4.57 

ET 

236 

82.52 

115.2 

2050.5 

5.58 

ET 

237 

87.52 

75.2 

2050.9 

3.52 

ET 

238 

86.52 

85.3 

2050.6 

4.51 

ET 

239 

80.53 

155.8 

2050.4 

8.58 

ET 

240 

79.58 

145.3 

2050.1 

8.59 

ET 

241 

79.51 

145.2 

1950.7 

8.58 

ET 

242 

80.52 

125.7 

1950.4 

6.59 

ET 

243 

77.59 

155.1 

1950.6 

9.56 

ET 

244 

76.55 

115.8 

1950.0 

6.50 

ET 

245 

73.52 

115.2 

1950.1 

7.54 

ET 

246 

65.54 

145.9 

2050.9 

12.50 

ET 

247 

67.58 

105.8 

2050.9 

8.55 

ET 

248 

69.56 

85.2 

1950.8 

6.50 

ET 

249 

70.57 

95.1 

1950.5 

7.55 

ET 

250 

78.58 

75.3 

1950.2 

4.55 

ET 

251 

84.57 

55.1 

1850.7 

2.51 

ET 

252 

86.58 

55.5 

1850.6 

2.57 

ET 

253 

82.51 

65.2 

1850.6 

3.59 

ET 

254 

78.58 

95.0 

1850.5 

5.50 

ET 

255 

77.58 

155.8 

1750.7 

8.58 
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ET 

256 

76.50 

155.9 

1750.1 

9.56 

ET 

257 

68.51 

105.2 

1850.9 

7.57 

ET 

258 

68.50 

95.7 

1850.5 

6.59 

ET 

259 

71.50 

85.1 

1750.5 

5.54 

ET 

260 

70.58 

115.5 

1750.5 

8.51 

ET 

261 

71.53 

105.1 

1750.1 

7.54 

ET 

262 

74.53 

85.9 

1750.1 

5.51 

ET 

263 

73.53 

115.4 

1650.7 

7.55 

ET 

264 

64.59 

105.9 

1750.2 

8.58 

ET 

265 

60.57 

105.2 

1750.1 

9.53 

ET 

266 

57.50 

75.9 

1750.6 

7.54 

ET 

267 

59.59 

75.2 

1750.0 

6.51 

ET 

268 

62.56 

115.1 

1650.1 

9.54 

ET 

269 

65.51 

115.0 

1650.5 

9.52 

ET 

270 

70.54 

85.4 

1550.5 

5.53 

ET 

271 

72.54 

125.1 

1550.2 

8.53 

ET 

272 

63.56 

165.7 

1550.3 

13.51 

ET 

273 

56.54 

115.4 

1550.0 

11.53 

ET 

-274 

53.71 

104.9 

1568.0 

10.72 

EZ 

-2 

ET 

116 

67.19 

100.5 

2335.0 

8.43 

ET 

117 

75.04 

77.0 

2331.5 

5.26 

ET 

118 

72.91 

155.0 

2291.2 

11.34 

ET 

119 

73.40 

196.0 

2278.1 

13.89 

ET 

120 

74.01 

127.5 

2294.3 

8.64 

ET 

121 

64.06 

138.8 

2385.6 

12.35 

ET 

122 

62.44 

111.4 

2409.1 

10.31 

ET 

123 

65.44 

126.3 

2385.9 

10.60 

ET 

124 

60.66 

107.7 

2456.1 

10.34 

ET 

125 

63.36 

102.6 

2457.1 

9.35 

ET 

126 

57.60 

124.1 

2466.3 

12.60 

ET 

127 

58.75 

89.7 

2507.6 

8.88 

ET 

128 

66.16 

90.8 

2484.1 

7.72 

ET 

129 

66.36 

138.3 

2446.0 

11.48 

ET 

130 

67.68 

96.1 

2494.6 

7.85 

ET 

131 

70.23 

130.1 

2473.9 

10.09 

ET 

132 

66.18 

147.4 

2470.1 

12.21 

ET 

133 

62.56 

144.1 

2518.4 

13.40 

ET 

134 

72.00 

149.0 

2492.1 

11.23 

ET 

135 

71.49 

175.2 

2472.3 

13.02 

ET 

136 

74.91 

133.5 

2480.6 

9.06 

ET 

137 

78.21 

176.4 

2413.2 

10.65 

ET 

138 

75.06 

127.7 

2486.3 

8.59 

ET 

139 

72.84 

131.9 

2525.7 

9.60 

ET 

140 

73.33 

118.8 

2544.2 

8.55 

ET 

141 

81.63 

95.9 

2508.9 

5.46 

ET 

142 

77.95 

142.0 

2476.5 

8.68 

ET 

143 

73.94 

148.7 

2521.6 

10.31 

ET 

144 

68.99 

151.9 

2563.9 

12.01 

ET 

145 

67.24 

99.2 

2614.1 

8.21 

ET 

146 

69.55 

97.3 

2617.0 

7.72 

ET 

147 

64.69 

119.9 

2640.5 

10.76 

ET 

148 

71.17 

97.5 

2626.2 

7.47 

ET 

149 

73.54 

145.0 

2558.2 

10.02 
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ET 

150 

80.04 

107.4 

2543.5 

6.31 

ET 

151 

77.13 

137.9 

2528.9 

8.64 

ET 

152 

70.47 

132.4 

2598.9 

10.09 

ET 

153 

72.09 

120.6 

2629.7 

9.06 

ET 

154 

78.21 

86.5 

2621.4 

5.50 

ET 

155 

79.57 

99.9 

2598.9 

6.09 

ET 

156 

76.06 

133.5 

2597.6 

8.93 

ET 

157 

77.65 

133.5 

2579.1 

8.50 

ET 

158 

75.63 

175.0 

2568.3 

11.63 

ET 

159 

78.80 

137.6 

2562.9 

8.34 

ET 

160 

82.00 

138.6 

2539.4 

7.67 

ET 

161 

77.77 

212.1 

2535.9 

13.02 

ET 

162 

69.73 

170.9 

2626.5 

13.27 

ET 

163 

71.67 

119.4 

2644.6 

8.88 

ET 

164 

73.76 

105.8 

2658.3 

7.56 

ET 

165 

79.68 

93.8 

2632.5 

5.75 

ET 

166 

72.72 

153.5 

2601.4 

10.85 

ET 

167 

71.62 

145.3 

2627.1 

10.72 

ET 

168 

71.26 

110.0 

2663.7 

8.34 

ET 

169 

73.63 

124.3 

2646.5 

8.88 

ET 

170 

77.79 

129.1 

2600.1 

8.21 

ET 

171 

82.04 

144.8 

2542.0 

8.05 

ET 

172 

77.67 

199.4 

2553.1 

12.44 

ET 

173 

81.25 

107.0 

2592.8 

6.22 

ET 

174 

72.32 

143.9 

2625.9 

10.51 

ET 

175 

71.35 

151.0 

2647.8 

11.52 

ET 

176 

71.62 

129.3 

2649.1 

9.80 

ET 

177 

77.68 

96.6 

2622.1 

6.13 

ET 

178 

75.09 

129.3 

2628.7 

8.93 

ET 

179 

74.39 

127.5 

2615.1 

8.88 

ET 

180 

74.98 

130.1 

2601.1 

8.84 

ET 

181 

74.88 

210.0 

2568.0 

14.18 

ET 

182 

80.55 

135.6 

2566.8 

8.01 

ET 

183 

80.89 

185.1 

2524.8 

10.67 

ET 

184 

83.64 

204.0 

2486.3 

10.76 

ET 

185 

83.70 

200.2 

2483.8 

10.56 

ET 

186 

82.60 

140.0 

2503.8 

7.58 

ET 

187 

83.17 

106.5 

2566.4 

5.97 

ET 

188 

89.10 

87.1 

2546.7 

4.14 

ET 

189 

89.42 

102.4 

2502.9 

4.72 

ET 

190 

86.77 

141.1 

2467.9 

6.85 

ET 

191 

82.85 

165.3 

2461.5 

8.77 

ET 

192 

77.04 

165.3 

2538.5 

10.65 

ET 

193 

79.90 

105.1 

2557.9 

6.38 

ET 

194 

87.21 

86.2 

2531.5 

4.30 

ET 

195 

82.40 

168.8 

2466.9 

9.26 

ET 

196 

78.49 

168.8 

2498.7 

10.43 

ET 

197 

76.98 

140.4 

2528.0 

9.08 

ET 

198 

85.08 

91.6 

2508.9 

4.79 

ET 

199 

83.80 

141.6 

2436 . 7 

7.47 

ET 

200 

81.34 

201.3 

2425.6 

11.30 

ET 

201 

77.05 

147.3 

2496.5 

9.51 

ET 

202 

77.18 

127.0 

2509.5 

8.30 
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ET 

203 

82.02 

109.7 

2467.6 

6.22 

ET 

204 

79.34 

124.5 

2445 . 3 

7.29 

ET 

205 

80.82 

119.4 

2435.2 

6.85 

ET 

206 

84.99 

86.9 

2450.7 

4.50 

ET 

207 

89.44 

81.8 

2408.1 

3.71 

ET 

208 

88.47 

90.9 

2398.6 

4.25 

ET 

209 

82.58 

133.1 

2372.5 

7.18 

ET 

210 

78.96 

151.3 

2377.3 

8.93 

ET 

211 

77.41 

150.5 

2393.2 

9.42 

ET 

212 

79.23 

127.3 

2391.3 

7.67 

ET 

213 

83.59 

103.3 

2373.8 

5.55 

ET 

214 

84.94 

111.8 

2329.0 

5.68 

ET 

215 

79.84 

175.7 

2297.5 

10.04 

ET 

216 

76.86 

172.7 

2324.9 

10.85 

ET 

217 

75.70 

118.1 

2364.3 

7.76 

ET 

218 

79.32 

102.2 

2340.8 

6.09 

ET 

219 

84.34 

95.9 

2296.2 

4.97 

ET 

220 

83.50 

107.5 

2261.9 

5.59 

ET 

221 

83.93 

98.9 

2259.4 

5.08 

ET 

222 

78.15 

134.9 

2266.7 

8.19 

ET 

223 

78.78 

161.9 

2230.5 

9.64 

ET 

224 

83.66 

114.8 

2198.0 

5.88 

ET 

225 

82.54 

122.9 

2195.5 

6.55 

ET 

226 

79.68 

132.4 

2210.7 

7.76 

ET 

227 

81.79 

96.2 

2219.6 

5.35 

ET 

228 

85.68 

86.2 

2188.8 

4.25 

ET 

229 

79.77 

152.6 

2150.0 

8.77 

ET 

230 

87.04 

73.6 

2159.9 

3.42 

ET 

231 

86.54 

73.1 

2158.0 

3.47 

ET 

232 

90.10 

67.8 

2142.1 

2.93 

ET 

233 

85.53 

89.0 

2121.1 

4.38 

ET 

234 

85.12 

89.0 

2106.5 

4.43 

ET 

235 

84.78 

95.2 

2088.7 

4.77 

ET 

236 

82.42 

110.2 

2072.5 

5.88 

ET 

237 

87.62 

71.2 

2069.9 

3.22 

ET 

238 

86.02 

88.3 

2042.6 

4.21 

ET 

239 

80.53 

159.8 

2012.4 

8.88 

ET 

240 

79.48 

145.3 

2004.1 

8.19 

ET 

241 

79.11 

149.2 

1979.7 

8.48 

ET 

242 

80.02 

122.7 

1985.4 

6.89 

ET 

243 

77.29 

150.1 

1973.6 

9.06 

ET 

244 

76.95 

112.8 

1979.0 

6.80 

ET 

245 

73.62 

110.2 

1992.1 

7.34 

ET 

246 

65.34 

149.9 

2008.9 

12.30 

ET 

247 

67.48 

102.8 

2007 . 9 

8.05 

ET 

248 

69.66 

89.2 

1996.8 

6.60 

ET 

249 

70.47 

99.1 

1948.5 

7.05 

ET 

250 

78.08 

71.3 

1920.2 

4.05 

ET 

251 

84.67 

58.1 

1888.7 

2.71 

ET 

252 

86.58 

50.5 

1870.6 

2.17 

ET 

253 

82.51 

63.2 

1844 . 6 

3.09 

ET 

254 

78.78 

98.0 

1817.5 

5.50 

ET 

255 

77.58 

150.8 

1779.7 

8.88 
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ET 

256 

76.30 

152.9 

1764.1 

9.26 

ET 

257 

68.81 

104.2 

1823.9 

7.67 

ET 

258 

68.40 

92.7 

1819.5 

6.89 

ET 

259 

71.20 

85.1 

1791.5 

5.84 

ET 

260 

70.88 

113.5 

1763.5 

8.01 

ET 

261 

71.83 

105.1 

1738.1 

7.14 

ET 

262 

74.23 

83.9 

1717.1 

5.21 

ET 

263 

73.63 

110.4 

1677.7 

7.05 

ET 

264 

64.69 

107.9 

1709.2 

8.68 

ET 

265 

60.17 

102.2 

1716.1 

9.13 

ET 

266 

57.00 

77.9 

1727.6 

7.34 

ET 

267 

59.29 

71.2 

1705.0 

6.31 

ET 

268 

62.06 

114.1 

1649 . 1 

9.84 

ET 

269 

65.01 

115.0 

1620.5 

9.22 

ET 

270 

70.84 

87.4 

1585.5 

5.93 

ET 

271 

72.84 

129.1 

1529.2 

8.43 

ET 

272 

63.36 

163.7 

1549.3 

13.71 

ET 

273 

56.34 

119.4 

1576.0 

11.63 

ET 

-274 

53.71 

104.9 

1568.0 

10.72 

QC 

1 

0 

0 

0 

1 

TQ  TOTAL  DISSOLVED  SOLIDS  IN  MG/L,  COMPUTED  AS  0.62  X  CONDUCTIVITY 
TQ  CARBONACEOUS  BOD  IN  MG/L 


TQ 

DISSOLVED  OXYGEN  IN  MG/L  LI 

10 

1 

L2 

10 

5 

10 

.4 

1 

2 

LR 

2 

10000 

1 

5000 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

50 

50000 

825 

L7 

10 

2000 

820 

860 

900 

940 

L7 

10 

2000 

840 

880 

920 

960 

L8 

200 

400 

800 

1400 

2000 

3000 

5000 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

40 

41 

42 

43 

45 

48 

60 

Cl 

120. 

120. 

120. 

120. 

120. 

180. 

180. 

C5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

C7 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

SA 

100 

100 

100 

100 

100 

100 

100 

DK 

0.1 

1.463 

L2 

20 

2 

5 

.4 

1 

1 

LR 

3 

60000. 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

1 

10 

895.5 

L6 

870 

99300 

962.5 

L7 

7.9 

2840 

895.5 

909.5 

923.5 

937.5 

L7 

7.9 

2840 

902.5 

916.5 

930.5 

944.5 

L8 

410 

460 

500 

550 

600 

650 

700 

750 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

54 

55 

57 

57 

57 

57 

57 

57 
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Cl 

160 

190 

190 

C5 

.3 

.3 

.3 

C7 

8.4 

8.7 

9.2 

SA 

100 

100 

100 

DK 

.2 

CR 

1.047 

1.047 

1.047 

SI 

10 

1 

0 

S2 

10 

65.5 
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DISSOLVED  OXYGEN  IN  MG/L 
DATE  TARGET  WEIGHTING 

740101  4.00  0.00  50.00 

-741231  4.00  0.00  50.00 
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DISSOLVED  OXYGEN  IN  MG/L 
DATE  TARGET  WEIGHTING 

740101  5.50  0.00  30.00 

■741231  5.50  0.00  30.00 


TEMPERATURE  OBJECTIVES,  F 

DATE  TARGET  WEIGHTING  RESERVOIRS  SPECIFIED  FOR  FLOW  AUGMENTATION  CONTROL 

7A0101  50.00  3.00  0.00  10  20  0  0  0 

740506  55.00  3.00  0.00  0  0  0  0  0 
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EXHIBIT  1 


TRIBUTARY  LOCATION 
CONTROL  POINT 
=  END  OF  REACH 


C.P.  TEMP  C0NS.1  CONS. 2  CONS. 3  NONCON.1  NONCON.2  NONCON.3  OXYGEN 

NO  F  HG/L  MG/L  MG/L  MG/L  MG/L  MG/L  MG/L 

10  ^5.0  150.0  0.00  0.00  0.00  0.10  0.00  5.0 

20  50.0  160.0  0.00  0.00  0.00  0.05  0.00  4.0 

30  50.0  160.0  0.00  0.00  0.00  0.15  0.00  4.5 
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TEST  PROBLEM  2  -  Standard  Tandem  Reservoir  Case 


a.  The  system  simulated  in  this  test  of  the  water  quality  simulation  module 
consists  of  two  tandem  reservoirs,  the  reach  of  the  stream  between  the 
reservoirs  and  a  reach  of  stream  below  the  more  downstream  reservoir. 
The  system  diagram  is  shown  on  the  following  page. 

b.  The  reservoirs  used  for  this  test  problem  have  the  same  sizes,  depths 
and  outlet  characteristics  as  the  two  reservoirs  used  for  Test  Problem 
1.  The  Hayes  Reservoir,  in  this  example,  corresponds  to  the  Baker 
Reservoir  in  Test  Problem  1.  Similarly,  Davis  Reservoir,  in  this 
example,  corresponds  to  the  Smith  reservoir  in  Test  Problem  1. 

c.  The  stream  system  consists  of  25.5  miles  of  stream  between  the  Hayes  and 
Davis  Reservoirs.  The  energy  grade  line  (EGL)  slope  between  the  Hayes 
Reservoir,  at  RM  65.5  and  RM  60  (CP  #20)  is  0.00065.  The  EGL  slope 
between  RM  60  and  RM  40  (CP  #30),  in  the  headwaters  of  the  Davis 
Reservoir  is  0.00057.  From  Davis  dam,  at  RM  32.0  (CP  #40)  to  RM  30.4, 
the  stream  has  an  EGL  slope  of  0.00012.  From  RM  30.4  to  the  end  of  the 
system,  RM  24.2  (CP  #5),  the  EGL  slope  is  0.000076. 

d.  Tributary  inflows  to  the  stream  system  between  the  two  reservoirs  occur 
at  control  point  20  and  30.  Below  the  Davis  Reservoir,  tributary  inflow 
occurs  at  river  mile  30.0. 

e.  Temperature,  total  dissolved  solids  (TDS),  carbonaceous  BOD  and 
dissolved  oxygen  are  simulated.  All  data,  inflow  values,  control 
points,  water  quality  objectives,  and  gate  selection  weights  and 
objective  function  parameters  are  furnished  as  described  for  Test 
Problem  1. 

A  complete  listing  of  the  input  data  file  is  given  below.  A  complete  output 
listing  is  included  with  the  computer  source  code  distribution. 
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/“■ 

f  In 


Upstream 

inflow 


CP-50,  RM  24.2- 


HAYES 

RESERVOIR 


CP-10,  RM  65.5 
CP-20,  RM  60.0 


Local  Inflow,  RM  60.0 


CP-30,  RM  40.0 


Local  inflow,  RM  40.0 


DAVIS 

RESERVOIR 


CP-40,  RM  32.0 


Local  Inflow,  RM  30.0 
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TEST  PROBLEM  2 


EXHIBIT  1 


T1  TESTING  HEC5Q  WATER  QUALITY  SIMULATION  CAPABILITY 

T2  TANDEM  RIVER  SYSTEM 


T3 

TEST  PROBLEM 

2 

J1 

0 

5 

5 

3 

4 

2 

0 

0 

J2 

36 

0 

0 

0 

0 

0 

0 

J9 

RL 

10 

1200000 

0 

100000 

200000 

1500000 

1600000 

RO 

3 

20 

30 

40 

RS 

7 

100 

6300 

31300 

88000 

188000 

563000 

1688000 

RQ 

7 

0 

20000 

30000 

40000 

50000 

50000 

50000 

RA 

7 

10 

500 

1500 

3000 

5000 

10000 

20000 

RE 

7 

800 

825 

850 

870 

900 

950 

1030 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

10 

15000 

300 

200 

IDCPIO-HAYES  DAM 

RT 

10 

20 

2.2 

.25 

12 

0 

CP 

20 

12000 

300 

200 

ID 

CP20  **  RM  60 

RT 

20 

30 

2.2 

.25 

12 

0 

CP 

30 

12000 

300 

200 

ID 

CP30  **  RM  40 

RT 

30 

40 

2.2 

.25 

12 

0 

RL 

40 

550000 

0 

2000 

550000 

952000 

1130000 

RO 

1 

50 

RS 

8 

2000 

20000 

52000 

113000 

209000 

320000 

550000 

800000 

1130000 

RQ 

8 

0 

5680 

5680 

5680 

5680 

5680 

29180 

59680 

104980 

RA 

8 

150 

2100 

4500 

7600 

11800 

17000 

22400 

28600 

37200 

RE 

8 

892 

910 

920 

930 

940 

950 

962.5 

970 

980 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

40 

10000 

300 

200 

IDCP40-DAVIS  DAM 

RT 

40 

50 

2.2 

.25 

12 

0 

CP 

50 

50000 

300 

200 

IDCP50  ** 

RM24.2 

RT 

50 

0 

0 

0 

0 

0 

ED 

BF 

0 

120 

0 

074050100 

120 

24 

NOLIST 

IN 

10 

1MAY74 

2059 

1814 

2125 

2243 

1947 

1836 

1735 

1587 

IN 

1549 

1509 

1413 

4584 

7520 

5061 

3549 

2931 

2801 

3866 

IN 

2752 

2293 

1962 

1793 

2476 

2528 

1958 

1650 

1462 

1344 

IN 

1810 

3581 

3367 

7629 

5501 

3699 

3057 

2603 

2294 

2073 

IN 

1894 

1750 

1596 

1423 

1313 

1251 

1052 

1312 

2547 

2301 

IN 

1803 

1360 

1185 

1200 

1456 

2434 

4601 

3121 

2769 

2230 

IN 

1846 

2107 

1918 

15259 

7046 

4185 

3113 

3167 

2814 

2295 

IN 

1910 

1606 

1448 

1535 

1368 

1196 

1039 

1032 

1013 

940 

IN 

890 

890 

865 

826 

783 

826 

928 

847 

788 

829 

IN 

804 

806 

945 

801 

712 

751 

914 

911 

935 

792 

IN 

747 

717 

823 

1416 

997 

806 

759 

732 

683 

653 

IN 

633 

639 

621 

644 

604 

598 

598 

596 

601 

642 

IN 

662 

838 

756 

1130 

1138 

1202 

1774 

2727 

2659 

1566 
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IN 

20 

1MAY74 

645 

588 

561 

488 

452 

440 

425 

405 

IN 

406 

398 

380 

923 

1207 

1171 

1161 

1075 

1190 

1601 

IN 

1685 

1941 

1849 

■1752 

1784 

1322 

645 

397 

366 

458 

IN 

669 

1011 

1113 

1740 

1529 

1352 

1273 

1219 

1171 

908 

IN 

575 

431 

407 

375 

357 

348 

243 

231 

469 

598 

IN 

671 

585 

369 

237 

288 

360 

546 

768 

900 

874 

IN 

829 

.  712 

549 

2648 

1733 

1751 

1617 

1671 

1565 

1433 

IN 

922 

465 

361 

384 

353 

328 

298 

305 

296 

285 

IN 

279 

235 

143 

142 

139 

150 

226 

282 

276 

191 

IN 

106 

139 

183 

220 

269 

268 

278 

283 

311 

249 

IN 

178 

172 

162 

177 

135 

119 

117 

117 

130 

164 

IN 

161 

166 

160 

117 

61 

42 

51 

141 

142 

108 

IN 

87 

235 

418 

701 

621 

790 

976 

1222 

1532 

1570 

IN 

30 

1MAY74 

645 

588 

561 

488 

452 

440 

425 

405 

IN 

406 

398 

380 

923 

1207 

1171 

1161 

1075 

1190 

1601 

IN 

1685 

1941 

1849 

1752 

1784 

1322 

645 

397 

366 

458 

IN 

669 

1011 

1113 

1740 

1529 

1352 

1273 

1219 

1171 

908 

IN 

575 

431 

407 

375 

357 

348 

243 

231 

469 

598 

IN 

671 

585 

369 

237 

288 

360 

546 

768 

900 

874 

IN 

829 

712 

549 

2648 

1733 

1751 

1617 

1671 

1565 

1433 

IN 

922 

465 

361 

384 

353 

328 

298 

305 

296 

285 

IN 

279 

235 

143 

142 

139 

150 

226 

282 

276 

191 

IN 

106 

139 

183 

220 

269 

268 

278 

283 

311 

249 

IN 

178 

172 

162 

177 

135 

119 

117 

117 

130 

164 

IN 

161 

166 

160 

117 

61 

42 

51 

141 

142 

108 

IN 

87 

235 

418 

701 

621 

790 

976 

1222 

1532 

1570 

IN 

50 

1MAY74 

3317 

3816 

3333 

3150 

2843 

2861 

2976 

2831 

IN 

3011 

3250 

3265 

4695 

13438 

10915 

9154 

8282 

7643 

7539 

IN 

6757 

6013 

4768 

3744 

3530 

3463 

3178 

2914 

2592 

2150 

IN 

1941 

1852 

1735 

1747 

1903 

2065 

1847 

1399 

1148 

1035 

IN 

978 

844 

714 

809 

784 

873 

969 

816 

1405 

1972 

IN 

2159 

1563 

1308 

1482 

1621 

1469 

1155 

1353 

975 

1469 

IN 

1483 

1761 

1469 

4196 

7637 

5846 

5734 

4803 

4285 

3660 

IN 

3314 

2783 

1990 

1912 

1651 

1441 

937 

893 

1209 

1028 

IN 

980 

990 

1160 

785 

550 

695 

679 

705 

701 

786 

IN 

566 

627 

774 

742 

696 

661 

613 

578 

630 

914 

IN 

930 

930 

918 

981 

1006 

881 

924 

829 

857 

780 

IN 

684 

606 

637 

670 

578 

562 

558 

486 

458 

440 

IN 

621 

825 

1619 

2200 

2012 

1742 

1687 

2852 

4965 

4311 

QA 

10 

1MAY74 

1270 

1320 

1360 

1410 

1440 

1470 

1480 

1480 

QA 

1480 

1480 

1790 

2190 

2480 

3480 

4490 

4420 

4300 

4210 

QA 

4130 

3960 

3720 

3370 

2470 

1910 

1950 

1940 

1890 

1570 

QA 

1270 

1680 

2210 

2480 

4000 

5510 

5350 

4400 

2930 

1970 

QA 

1570 

1570 

1570 

1560 

1560 

1530 

1510 

1480 

1830 

2690 

QA 

3120 

2840 

1640 

819 

854 

900 

1540 

2750 

3250 

2860 

QA 

2100 

2030 

2030 

3600 

9280 

11000 

7280 

4130 

3250 

2180 

QA 

1750 

1470 

1210 

1290 

1320 

1320 

1290 

1270 

1230 

948 

QA 

570 

600 

610 

610 

621 

631 

642 

707 

764 

753 

QA 

741 

730 

730 

741 

730 

719 

707 

707 

775 

775 

QA 

819 

786 

494 

819 

865 

654 

865 

831 

797 

764 

QA 

719 

685 

494 

631 

580 

521 

346 

540 

486 

486 

QA 

EJ 

521 

600 

438 

797 

1410 

2000 

2050 

2130 

3460 

4590 
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EXHIBIT 

1 

TI  FICTICIOUS  TANDEM  RIVER  BASIN  TEST  OF  HEC-5Q  WITH  WATER  QUALITY 
TI  RESERVOIRS  ARE  FICTICIOUS  ALSO  **  C.P.  OF  10,  20,  30,  40  AND  50 
TI  CONSTITUENTS  ARE  TEMPERATURE,  TDS,  CARBONACEOUS  BOD  AND  OXYGEN 


JA 

EZ 

740501 

1 

740831 

5 

2 

F 

ET 

116 

67.59 

105.5 

2350.0 

8.53 

ET 

.  117 

75.54 

75.0 

2350.5 

5.56 

ET 

118 

72.51 

155.0 

2250.2 

11.54 

ET 

119 

73.50 

195.0 

2250.1 

13.59 

ET 

120 

74.51 

125.5 

2250.3 

8.54 

ET 

121 

64.56 

135.8 

2350.6 

12.55 

ET 

122 

62.54 

115.4 

2450.1 

10.51 

ET 

123 

65.54 

125.3 

2350.9 

10.50 

ET 

124 

60.56 

105.7 

2450 . 1 

10.54 

ET 

125 

63.56 

105.6 

2450.1 

9.55 

ET 

126 

57.50 

125.1 

2450.3 

12.50 

ET 

127 

58.55 

85.7 

2550.6 

8.58 

ET 

128 

66.56 

95.8 

2450.1 

7.52 

ET 

129 

66.56 

135.3 

2450.0 

11.58 

ET 

130 

67.58 

95.1 

2450.6 

7.55 

ET 

131 

70.53 

135.1 

2450 . 9 

10.59 

ET 

132 

66.58 

145.4 

2450.1 

12.51 

ET 

133 

62.56 

145.1 

2550.4 

13.50 

ET 

134 

72.50 

145.0 

2450.1 

11.53 

ET 

135 

71.59 

175.2 

2450.3 

13.52 

ET 

136 

74.51 

135.5 

2450.6 

9.56 

ET 

137 

78.51 

175.4 

2450.2 

10.55 

ET 

138 

75.56 

125.7 

2450.3 

8.59 

ET 

139 

72.54 

135.9 

2550.7 

9.50 

ET 

140 

73.53 

115.8 

2550.2 

8.55 

ET 

141 

81.53 

95.9 

2550.9 

5.56 

ET 

142 

77.55 

145.0 

2450.5 

8.58 

ET 

143 

73.54 

145.7 

2550.6 

10.51 

ET 

144 

68.59 

155.9 

2550.9 

12.51 

ET 

145 

67.54 

95.2 

2650.1 

8.51 

ET 

146 

69.55 

95.3 

2650.0 

7.52 

ET 

147 

64.59 

115.9 

2650.5 

10.56 

ET 

148 

71.57 

95.5 

2650.2 

7.57 

ET 

149 

73.54 

145.0 

2550.2 

10.52 

ET 

150 

80.54 

105.4 

2550.5 

6.51 

ET 

151 

77.53 

135.9 

2550.9 

8.54 

ET 

152 

70.57 

135.4 

2550.9 

10.59 

ET 

153 

72.59 

125.6 

2650.7 

9.56 

ET 

154 

78.51 

85.5 

2650.4 

5.50 

ET 

155 

79.57 

95.9 

2550.9 

6.59 

ET 

156 

76.56 

135.5 

2550.6 

8.53 

ET 

157 

77.55 

135.5 

2550.1 

8.50 

ET 

158 

75.53 

175.0 

2550.3 

11.53 

ET 

159 

78.50 

135.6 

2550.9 

8.54 

ET 

160 

82.50 

135.6 

2550.4 

7.57 

ET 

161 

77.57 

215.1 

2550.9 

13.52 

ET 

162 

69.53 

175.9 

2650.5 

13.57 

ET 

163 

71.57 

115.4 

2650.6 

8.58 

ET 

164 

73.56 

105.8 

2650.3 

7.56 
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ET 

165 

79.58 

95.8 

2650.5 

5.55 

ET 

166 

72.52 

155.5 

2650.4 

10.55 

ET 

167 

71.52 

145.3 

2650.1 

10.52 

ET 

168 

71.56 

115.0 

2650.7 

8.54 

ET 

169 

73.53 

125.3 

2650.5 

8.58 

ET 

170 

77.59 

125.1 

2650.1 

8.51 

ET 

.  171 

82.54 

145.8 

2550.0 

8.55 

ET 

172 

77.57 

195.4 

2550.1 

12.54 

ET 

173 

81.55 

105.0 

2550.8 

6.52 

ET 

174 

72.52 

145.9 

2650.9 

10.51 

ET 

175 

71.55 

155.0 

2650.8 

11.52 

ET 

176 

71.52 

125.3 

2650.1 

9.50 

ET 

177 

77.58 

95.6 

2650.1 

6.53 

ET 

178 

75.59 

125.3 

2650.7 

8.53 

ET 

179 

74.59 

125.5 

2650.1 

8.58 

ET 

180 

74.58 

135.1 

2650.1 

8.54 

ET 

181 

74.58 

215.0 

2550.0 

14.58 

ET 

182 

80.55 

135.6 

2550.8 

8.51 

ET 

183 

80.59 

185.1 

2550.8 

10.57 

ET 

184 

83.54 

205.0 

2450.3 

10.56 

ET 

185 

83.50 

205.2 

2450.8 

10.56 

ET 

186 

82.50 

145.0 

2550.8 

7.58 

ET 

187 

83.57 

105.5 

2550.4 

5.57 

ET 

188 

89.50 

85.1 

2550.7 

4.54 

ET 

189 

89.52 

105.4 

2550.9 

4.52 

ET 

190 

86.57 

145.1 

2450.9 

6.55 

ET 

191 

82.55 

165.3 

2450.5 

8.57 

ET 

192 

77.54 

165.3 

2550.5 

10.55 

ET 

193 

79.50 

105.1 

2550.9 

6.58 

ET 

194 

87.51 

85.2 

2550.5 

4.50 

ET 

195 

82.50 

165.8 

2450.9 

9.56 

ET 

196 

78.59 

165.8 

2450.7 

10.53 

ET 

197 

76.58 

145.4 

2550.0 

9.58 

ET 

198 

85.58 

95.6 

2550.9 

4.59 

ET 

199 

83.50 

145.6 

2450.7 

7.57 

ET 

200 

81.54 

205.3 

2450.6 

11.50 

ET 

201 

77.55 

145.3 

2450 . 5 

9.51 

ET 

202 

77.58 

125.0 

2550.5 

8.50 

ET 

203 

82.52 

105.7 

2450.6 

6.52 

ET 

204 

79.54 

125.5 

2450.3 

7.59 

ET 

205 

80.52 

115.4 

2450.2 

6.55 

ET 

206 

84.59 

85.9 

2450.7 

4.50 

ET 

207 

89.54 

85.8 

2450 . 1 

3.51 

ET 

208 

88.57 

95.9 

2350.6 

4.55 

ET 

209 

82.58 

135.1 

2350.5 

7.58 

ET 

210 

78.56 

155.3 

2350.3 

8.53 

ET 

211 

77.51 

155.5 

2350.2 

9.52 

ET 

212 

79.53 

125.3 

2350.3 

7.57 

ET 

213 

83.59 

105.3 

2350.8 

5.55 

ET 

214 

84.54 

115.8 

2350.0 

5.58 

ET 

215 

79.54 

175.7 

2250.5 

10.54 

ET 

216 

76.56 

175.7 

2350.9 

10.55 

ET 

217 

75.50 

115.1 

2350.3 

7.56 

ET 

218 

79.52 

105.2 

2350.8 

6.59 
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ET 

219 

84.54 

95.9 

2250.2 

4.57 

ET 

220 

83.50 

105.5 

2250.9 

5.59 

ET 

221 

83.53 

95.9 

2250.4 

5.58 

ET 

222 

78.55 

135.9 

2250.7 

8.59 

ET 

223 

78.58 

165.9 

2250.5 

9.54 

ET 

224 

83.56 

115.8 

2150.0 

5.58 

ET 

.  225 

82.54 

125.9 

2150.5 

6.55 

ET 

226 

79.58 

135.4 

2250.7 

7.56 

ET 

227 

81.59 

95.2 

2250.6 

5.55 

ET 

228 

85.58 

85.2 

2150.8 

4.55 

ET 

229 

79.57 

155.6 

2150.0 

8.57 

ET 

230 

87.54 

75.6 

2150.9 

3.52 

ET 

231 

86.54 

75.1 

2150.0 

3.57 

ET 

232 

90.50 

65.8 

2150.1 

2.53 

ET 

233 

85.53 

85.0 

2150.1 

4.58 

ET 

234 

85.52 

85.0 

2150.5 

4.53 

ET 

235 

84.58 

95.2 

2050.7 

4.57 

ET 

236 

82.52 

115.2 

2050.5 

5.58 

ET 

237 

87.52 

75.2 

2050.9 

3.52 

ET 

238 

86.52 

85.3 

2050.6 

4.51 

ET 

239 

80.53 

155.8 

2050.4 

8.58 

ET 

240 

79.58 

145.3 

2050.1 

8.59 

ET 

241 

79.51 

145.2 

1950.7 

8.58 

ET 

242 

80.52 

125.7 

1950.4 

6.59 

ET 

243 

77.59 

155.1 

1950.6 

9.56 

ET 

244 

76.55 

115.8 

1950.0 

6.50 

ET 

245 

73.52 

115.2 

1950.1 

7.54 

ET 

246 

65.54 

145.9 

2050.9 

12.50 

ET 

247 

67.58 

105.8 

2050.9 

8.55 

ET 

248 

69.56 

85.2 

1950.8 

6.50 

ET 

249 

70.57 

95.1 

1950.5 

7.55 

ET 

250 

78.58 

75.3 

1950.2 

4.55 

ET 

251 

84.57 

55.1 

1850.7 

2.51 

ET 

252 

86.58 

55.5 

1850.6 

2.57 

ET 

253 

82.51 

65.2 

1850.6 

3.59 

ET 

254 

78.58 

95.0 

1850.5 

5.50 

ET 

255 

77.58 

155.8 

1750.7 

8.58 

ET 

256 

76.50 

155.9 

1750.1 

9.56 

ET 

257 

68.51 

105.2 

1850.9 

7.57 

ET 

258 

68.50 

95.7 

1850.5 

6.59 

ET 

259 

71.50 

85.1 

1750.5 

5.54 

ET 

260 

70.58 

115.5 

1750.5 

8.51 

ET 

261 

71.53 

105.1 

1750.1 

7.54 

ET 

262 

74.53 

85.9 

1750.1 

5.51 

ET 

263 

73.53 

115.4 

1650.7 

7.55 

ET 

264 

64.59 

105.9 

1750.2 

8.58 

ET 

265 

60.57 

105.2 

1750.1 

9.53 

ET 

266 

57.50 

75.9 

1750.6 

7.54 

ET 

267 

59.59 

75.2 

1750.0 

6.51 

ET 

268 

62.56 

115.1 

1650.1 

9.54 

ET 

269 

65.51 

115.0 

1650.5 

9.52 

ET 

270 

70.54 

85.4 

1550.5 

5.53 

ET 

271 

72.54 

125.1 

1550.2 

8.53 

ET 

272 

63.56 

165.7 

1550.3 

13.51 
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ET 

273 

56.54 

115.4 

1550.0 

11.53 

ET 

-274 

53.71 

104.9 

1568.0 

10.72 

EZ 

-2 

ET 

116 

67.19 

100.5 

2335.0 

8.43 

ET 

117 

75.04 

77.0 

2331.5 

5.26 

ET 

118 

72.91 

155.0 

2291.2 

11.34 

ET 

119 

73.40 

196.0 

2278.1 

13.89 

ET 

120 

74.01 

127.5 

2294.3 

8.64 

ET 

121 

64.06 

138.8 

2385.6 

12.35 

ET 

122 

62.44 

111.4 

2409 . 1 

10.31 

ET 

123 

65.44 

126.3 

2385.9 

10.60 

ET 

124 

60.66 

107.7 

2456.1 

10.34 

ET 

125 

63.36 

102.6 

2457.1 

9.35 

ET 

126 

57.60 

124.1 

2466.3 

12.60 

ET 

127 

58.75 

89.7 

2507.6 

8.88 

ET 

128 

66.16 

90.8 

2484.1 

7.72 

ET 

129 

66.36 

138.3 

2446.0 

11.48 

ET 

130 

67.68 

96.1 

2494.6 

7.85 

ET 

131 

70.23 

130.1 

2473.9 

10.09 

ET 

132 

66.18 

147.4 

2470.1 

12.21 

ET 

133 

62.56 

144.1 

2518.4 

13.40 

ET 

134 

72.00 

149.0 

2492.1 

11.23 

ET 

135 

71.49 

175.2 

2472.3 

13.02 

ET 

136 

74.91 

133.5 

2480.6 

9.06 

ET 

137 

78.21 

176.4 

2413.2 

10.65 

ET 

138 

75.06 

127.7 

2486.3 

8.59 

ET 

139 

72.84 

131.9 

2525.7 

9.60 

ET 

140 

73.33 

118.8 

2544.2 

8.55 

ET 

141 

81.63 

95.9 

2508.9 

5.46 

ET 

142 

77.95 

142.0 

2476.5 

8.68 

ET 

143 

73.94 

148.7 

2521.6 

10.31 

ET 

144 

68.99 

151.9 

2563.9 

12.01 

ET 

145 

67.24 

99.2 

2614.1 

8.21 

ET 

146 

69.55 

97.3 

2617.0 

7.72 

ET 

147 

64.69 

119.9 

2640 . 5 

10.76 

ET 

148 

71.17 

97.5 

2626.2 

7.47 

ET 

149 

73.54 

145.0 

2558.2 

10.02 

ET 

150 

80.04 

107.4 

2543.5 

6.31 

ET 

151 

77.13 

137.9 

2528.9 

8.64 

ET 

152 

70.47 

132.4 

2598.9 

10.09 

ET 

153 

72.09 

120.6 

2629.7 

9.06 

ET 

154 

78.21 

86.5 

2621.4 

5.50 

ET 

155 

79.57 

99.9 

2598.9 

6.09 

ET 

156 

76.06 

133.5 

2597.6 

8.93 

ET 

157 

77.65 

133.5 

2579.1 

8.50 

ET 

158 

75.63 

175.0 

2568.3 

11.63 

ET 

159 

78.80 

137.6 

2562.9 

8.34 

ET 

160 

82.00 

138.6 

2539.4 

7.67 

ET 

161 

77.77 

212.1 

2535.9 

13.02 

ET 

162 

69.73 

170.9 

2626.5 

13.27 

ET 

163 

71.67 

119.4 

2644.6 

8.88 

ET 

164 

73.76 

105.8 

2658.3 

7.56 

ET 

165 

79.68 

93.8 

2632.5 

5.75 

ET 

166 

72.72 

153.5 

2601.4 

10.85 
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ET 

167 

71.62 

145.3 

2627.1 

10.72 

ET 

168 

71.26 

110.0 

2663.7 

8.34 

ET 

169 

73.63 

124.3 

2646.5 

8.88 

ET 

170 

77.79 

129.1 

2600.1 

8.21 

ET 

171 

82.04 

144.8 

2542.0 

8.05 

ET 

172 

77.67 

199.4 

2553.1 

12.44 

ET 

173 

81.25 

107.0 

2592.8 

6.22 

ET 

174 

72.32 

143.9 

2625.9 

10.51 

ET 

175 

71.35 

151.0 

2647.8 

11.52 

ET 

176 

71.62 

129.3 

2649.1 

9.80 

ET 

177 

77.68 

96.6 

2622.1 

6.13 

ET 

178 

75.09 

129.3 

2628.7 

8.93 

ET 

179 

74.39 

127.5 

2615.1 

8.88 

ET 

180 

74.98 

130.1 

2601.1 

8.84 

ET 

181 

74.88 

210.0 

2568.0 

14.18 

ET 

182 

80.55 

135.6 

2566.8 

8.01 

ET 

183 

80.89 

185.1 

2524.8 

10.67 

ET 

184 

83.64 

204.0 

2486.3 

10.76 

ET 

185 

83.70 

200.2 

2483.8 

10.56 

ET 

186 

82.60 

140.0 

2503.8 

7.58 

ET 

187 

83.17 

106.5 

2566.4 

5.97 

ET 

188 

89.10 

87.1 

2546.7 

4.14 

ET 

189 

89.42 

102.4 

2502.9 

4.72 

ET 

190 

86.77 

141.1 

2467.9 

6.85 

ET 

191 

82.85 

165.3 

2461.5 

8.77 

ET 

192 

77.04 

165.3 

2538.5 

10.65 

ET 

193 

79.90 

105.1 

2557.9 

6.38 

ET 

194 

87.21 

86.2 

2531.5 

4.30 

ET 

195 

82.40 

168.8 

2466.9 

9.26 

ET 

196 

78.49 

168.8 

2498.7 

10.43 

ET 

197 

76.98 

140.4 

2528.0 

9.08 

ET 

198 

85.08 

91.6 

2508.9 

4.79 

ET 

199 

83.80 

141.6 

2436.7 

7.47 

ET 

200 

81.34 

201.3 

2425.6 

11.30 

ET 

201 

77.05 

147.3 

2496.5 

9.51 

ET 

202 

77.18 

127.0 

2509.5 

8.30 

ET 

203 

82.02 

109.7 

2467.6 

6.22 

ET 

204 

79.34 

124.5 

2445 . 3 

7.29 

ET 

205 

80.82 

119.4 

2435.2 

6.85 

ET 

206 

84.99 

86.9 

2450.7 

4.50 

ET 

207 

89.44 

81.8 

2408 . 1 

3.71 

ET 

208 

88.47 

90.9 

2398.6 

4.25 

ET 

209 

82.58 

133.1 

2372.5 

7.18 

ET 

210 

78.96 

151.3 

2377.3 

8.93 

ET 

211 

77.41 

150.5 

2393.2 

9.42 

ET 

212 

79.23 

127.3 

2391.3 

7.67 

ET 

213 

83.59 

103.3 

2373.8 

5.55 

ET 

214 

84.94 

111.8 

2329.0 

5.68 

ET 

215 

79.84 

175.7 

2297.5 

10.04 

ET 

216 

76.86 

172.7 

2324.9 

10.85 

ET 

217 

75.70 

118.1 

2364.3 

7.76 

ET 

218 

79.32 

102.2 

2340.8 

6.09 

ET 

219 

84.34 

95.9 

2296.2 

4.97 

ET 

220 

83.50 

107.5 

2261.9 

5.59 
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ET 

221 

83.93 

98.9 

2259.4 

5.08 

ET 

222 

78.15 

134.9 

2266.7 

8.19 

ET 

223 

78.78 

161.9 

2230.5 

9.64 

ET 

224 

83.66 

114.8 

2198.0 

5.88 

ET 

225 

82.54 

122.9 

2195.5 

6.55 

ET 

226 

79.68 

132.4 

2210.7 

7.76 

ET 

227 

81.79 

96.2 

2219.6 

5.35 

ET 

228 

85.68 

86.2 

2188.8 

4.25 

ET 

229 

79.77 

152.6 

2150.0 

8.77 

ET 

230 

87 . 04 

73.6 

2159.9 

3.42 

ET 

231 

86.54 

73.1 

2158.0 

3.47 

ET 

232 

90.10 

67.8 

2142 . 1 

2.93 

ET 

233 

85.53 

89.0 

2121.1 

4.38 

ET 

234 

85.12 

89.0 

2106 . 5 

4.43 

ET 

235 

84.78 

95.2 

2088.7 

4.77 

ET 

236 

82.42 

110.2 

2072.5 

5.88 

ET 

237 

87.62 

71.2 

2069 . 9 

3.22 

ET 

238 

86.02 

88.3 

2042.6 

4.21 

ET 

239 

80.53 

159.8 

2012.4 

8.88 

ET 

240 

79.48 

145.3 

2004.1 

8.19 

ET 

241 

79.11 

149.2 

1979.7 

8.48 

ET 

242 

80.02 

122.7 

1985.4 

6.89 

ET 

243 

77.29 

150.1 

1973.6 

9.06 

ET 

244 

76.95 

112.8 

1979.0 

6.80 

ET 

245 

73.62 

110.2 

1992.1 

7.34 

ET 

246 

65.34 

149.9 

2008.9 

12.30 

ET 

247 

67.48 

102.8 

2007 . 9 

8.05 

ET 

248 

69.66 

89.2 

1996.8 

6.60 

ET 

249 

70.47 

99.1 

1948.5 

7.05 

ET 

250 

78.08 

71.3 

1920.2 

4.05 

ET 

251 

84.67 

58.1 

1888.7 

2.71 

ET 

252 

86.58 

50.5 

1870.6 

2.17 

ET 

253 

82.51 

63.2 

1844.6 

3.09 

ET 

254 

78.78 

98.0 

1817.5 

5.50 

ET 

255 

77.58 

150.8 

1779.7 

8.88 

ET 

256 

76.30 

152.9 

1764.1 

9.26 

ET 

257 

68.81 

104.2 

1823.9 

7.67 

ET 

258 

68.40 

92.7 

1819.5 

6.89 

ET 

259 

71.20 

85.1 

1791.5 

5.84 

ET 

260 

70.88 

113.5 

1763.5 

8.01 

ET 

261 

71.83 

105.1 

1738.1 

7.14 

ET 

262 

74.23 

83.9 

1717.1 

5.21 

ET 

263 

73.63 

110.4 

1677.7 

7.05 

ET 

264 

64.69 

107.9 

1709.2 

8.68 

ET 

265 

60.17 

102.2 

1716.1 

9.13 

ET 

266 

57.00 

77.9 

1727.6 

7.34 

ET 

267 

59.29 

71.2 

1705.0 

6.31 

ET 

268 

62.06 

114.1 

1649.1 

9.84 

ET 

269 

65.01 

115.0 

1620.5 

9.22 

ET 

270 

70.84 

87.4 

1585.5 

5.93 

ET 

271 

72.84 

129.1 

1529.2 

8.43 

ET 

272 

63.36 

163.7 

1549 . 3 

13.71 

ET 

273 

56.34 

119.4 

1576.0 

11.63 

ET 

-274 

53.71 

104.9 

1568.0 

10.72 
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QC 

1 

0 

0 

0 

1 

0 

1 

TQTOTAL  DISSOLVED 

SOLIDS  IN  MG/L, 

COMPUTED 

AS  0.62 

X  CONDUCTIVITY 

TQCARBONACEOUS  BOD 

IN  MG/L 

TQDISSOLVEE 

1  OXYGEN 

IN  MG/L 

LI 

10 

1 

L2 

10 

5 

10 

.4 

1 

2 

LR 

1 

10000 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

50 

50000 

825 

L7 

10 

2000 

820 

860 

900 

940 

L7 

10 

2000 

840 

880 

920 

960 

L8 

200 

400 

800 

1400 

2000 

3000 

5000 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

40 

41 

42 

43 

45 

48 

60 

Cl 

105. 

110. 

115. 

120. 

125. 

135. 

145. 

C5 

1.5 

1.5 

1.0 

0.5 

1.0 

2.5 

2.5 

C7 

6.0 

6.0 

6.5 

7.5 

8.5 

9.0 

9.5 

SA 

100 

100 

100 

100 

100 

DK 

0.1 

1.463 

L2 

40 

2 

60000 

5 

.4 

1 

1 

LR 

100 


L3 

.01 

1.-6 

L5 

50. 

5000. 

895. 

L6 

870 

99300 

962.5 

L7 

7.9 

2840 

895.5 

L7 

7.9 

2840 

902.5 

L8 

410 

460 

PL 

0.25 

100 

PL 

0.05 

100 

PL 

0.20 

100 

PL 

0.25 

100 

3.2 

L9 

54 

55 

Cl 

150 

155 

C5 

1.0 

1.0 

C7 

5.5 

5.5 

SA 

100 

100 

DK 

.2 

CR 

1.047 

1.047 

SI 

10 

1 

S2 

10 

65.5 

20 

S2 

20 

60.0 

30 

S2 

0 

0 

0 

S2 

40 

32 

50 

SR 

10 

20 

2 

SK 

1. 

1. 

SR 

20 

30 

2 

SR 

-40 

50 

1 

S3 

10 

65.5 

844.0 

S3 

65.5 

844.2 

S3 

65.5 

844.6 

S3 

65.5 

845.0 

1.-4 

0 

-.7 

909.5 

923.5 

937.5 

916.5 

930.5 

944.5 

500 

550 

600 

-4.00 

-0.20 

-8.00 

-0.70 

0.10 

-0.05 

57 

57 

57 

160 

165 

170 

1.0 

1.5 

2.0 

6.0 

6.5 

7.0 

100 

100 

1.463 

100 

1.047 

1.0159 

-1 

8 

20 

60 

1.5 

40 

1.5 

0 

24.2 

1.975 

30 

7 

1. 

1. 

1. 

2 

2 


0. 

0. 

0. 

0. 

.21 

5.0 

4.0 

.35 

20.0 

14.0 

.61 

29.0 

650  700  750 


57 

57 

57 

180 

190 

200 

2.5 

3.0 

3.0 

8.0 

9.0 

9.5 

100 

100 

1 


4 

1. 


.050 

.050 

.050 

.050 


100 


2 

3 
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S3 

65 

.5 

846 

.0 

S3 

65 

.5 

847 

.0 

S3 

65 

.5 

848 

.0 

S3 

65 

.5 

849 

.0 

S3 

65 

.5 

850 

.0 

S3 

65 

.5 

851 

.0 

S3 

65 

.5 

852 

.0 

S3 

65 

.5 

853 

.0 

S3 

65 

.5 

854 

.0 

S3 

65 

.5 

855 

.0 

S3 

65 

.5 

856 

.0 

S3 

65 

.5 

857 

.0 

S3 

65, 

.5 

858 

.0 

S3 

65, 

.5 

859 

.0 

S3 

65, 

.5 

861 

.0 

S3 

65, 

.5 

863 

.0 

S3 

20 

60, 

.0 

825 

.4 

S3 

60, 

.0 

825 

.6 

S3 

60, 

.0 

826 

.0 

S3 

60, 

.0 

826 

.4 

S3 

60. 

.0 

827 

.4 

S3 

60. 

.0 

828 

.4 

S3 

60. 

.0 

829 

.4 

S3 

60. 

.0 

830 

.4 

S3 

60. 

.0 

831 

.4 

S3 

60, 

.0 

832 
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TRIB  4  -  RM  30  - 

TOTAL  DISSOLVED  SOLIDS 

14 

740101 

160. 

741231  160. 

-1 

12 

0 

TRIB  4  -  RM  30  - 

CARBONACEOUS  BOD 

14 

740101 

0.6 

741231  0.6 

-1 

12 

-1 

0 

TRIB  4  -  RM  30  - 

DISSOLVED  OXYGEN 

14 

ER 

740101 

100. 

741231  100. 

-1 
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TEST  PROBLEM  3  -  Parallel  Reservoirs  with  Calibration  Option 


The  system  simulated  in  this  test  of  the  water  quality  module  consists  of 
the  same  reservoir  and  stream  configuration  as  Test  Problem  1.  The  unique  input 
to  this  test  problem  includes  selecting  the  calibration  option  (J9  card,  Field 
4)  and  specifying  the  gate  operation  cards  (G1  and  G2  cards) . 

A  complete  listing  of  the  input  data  deck  is  given  below.  A  complete  output 
listing  is  included  with  the  computer  source  code  distribution. 
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T1  TESTING  HEC5Q  WATER  QUALITY  SIMULATION  CAPABILITY 
T2  PARALLEL  RIVER  SYSTEM. . .CALIBRATION  OPTION 


T3 

TEST  PROBLEM 

3 

J1 

0 

5 

5 

3 

4 

2 

0 

0 

J2 

36 

0 

0 

0 

0 

0 

0 

J9 

0 

0 

1 

RL 

10 

1200000 

0 

100000 

200000 

1500000 

1600000 

RO 

3 

30 

40 

50 

RS 

7 

100 

6300 

31300 

88000 

188000 

563000 

1688000 

RQ 

7 

0 

20000 

30000 

40000 

50000 

50000 

50000 

RA 

7 

10 

500 

1500 

3000 

5000 

10000 

20000 

RE 

7 

800 

825 

850 

870 

900 

950 

1030 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

.  99 

R3 

99 

99 

CP 

10 

20000 

300 

200 

IDCPIO- BAKER  DAM 

RT 

10 

30 

2.2 

.25 

12 

0 

RL 

20 

550000 

0 

2000 

550000 

952000 

1130000 

RO 

3 

30 

40 

50 

RS 

8 

2000 

20000 

52000 

113000 

209000 

320000 

550000 

800000 

1130000 

RQ 

8 

0 

5680 

5680 

5680 

5680 

5680 

29180 

59680 

104980 

RA 

8 

150 

2100 

4500 

7600 

11800 

17000 

22400 

28600 

37200 

RE 

8 

892 

910 

920 

930 

940 

950 

962.5 

970 

980 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

20 

20000 

300 

200 

IDCP20- SMITH  DAM 

RT 

20 

30 

2.2 

.25 

12 

0 

CP 

30 

30000 

300 

200 

IDCP30-CONF  RM60 

RT 

30 

40 

2.2 

.25 

12 

0 

CP 

40 

30000 

300 

200 

ID  CP40  **  RM  40 

RT 

40 

50 

2.2 

.25 

12 

0 

CP 

50 

50000 

300 

200 

IDCP50  ** 

RM24.2 

RT 

50 

0 

0 

0 

0 

0 

ED 

BE 

0 

120 

0 

074050100 

120 

24 

NOLIST 

IN 

10 

1MAY74 

2059 

1814 

2125 

2243 

1947 

1836 

1735 

1587 

IN 

1549 

1509 

1413 

4584 

7520 

5061 

3549 

2931 

2801 

3866 

IN 

2752 

2293 

1962 

1793 

2476 

2528 

1958 

1650 

1462 

1344 

IN 

1810 

3581 

3367 

7629 

5501 

3699 

3057 

2603 

2294 

2073 

IN 

1894 

1750 

1596 

1423 

1313 

1251 

1052 

1312 

2547 

2301 

IN 

1803 

1360 

1185 

1200 

1456 

2434 

4601 

3121 

2769 

2230 

IN 

1846 

2107 

1918 

15259 

7046 

4185 

3113 

3167 

2814 

2295 

IN 

1910 

1606 

1448 

1535 

1368 

1196 

1039 

1032 

1013 

940 

IN 

890 

890 

865 

826 

783 

826 

928 

847 

788 

829 

IN 

804 

806 

945 

801 

712 

751 

914 

911 

935 

792 

IN 

747 

717 

823 

1416 

997 

806 

759 

732 

683 

653 

IN 

633 

639 

621 

644 

604 

598 

598 

596 

601 

642 

IN 

662 

838 

756 

1130 

1138 

1202 

1774 

2727 

2659 

1566 
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IN 

20 

1MAY74 

430 

816 

668 

1979 

1523 

1195 

1065 

847 

IN 

698 

569 

455 

402 

472 

424 

415 

956 

613 

510 

IN 

434 

381 

361 

327 

289 

338 

758 

355 

262 

202 

IN 

169 

133 

163 

192 

203 

181 

166 

212 

1017 

639 

IN 

639 

366 

255 

194 

236 

596 

432 

284 

251 

745 

IN 

348 

226 

179 

198 

198 

164 

155 

159 

177 

888 

IN 

348 

386 

197 

133 

134 

141 

181 

407 

212 

145 

IN 

126 

122 

112 

108 

89 

80 

87 

80 

69 

68 

IN 

64 

58 

47 

53 

49 

39 

43 

46 

60 

60 

IN 

56 

50 

49 

41 

43 

39 

39 

43 

39 

39 

IN 

47 

47 

49 

43 

47 

96 

151 

112 

473 

212 

IN 

297 

405 

201 

128 

100 

79 

64 

89 

102 

90 

IN 

88 

165 

95 

83 

184 

1167 

463 

601 

676 

665 

IN 

40 

1MAY74 

645 

588 

561 

488 

452 

440 

425 

405 

IN 

406 

398 

380 

923 

1207 

1171 

1161 

1075 

1190 

1601 

IN 

1685 

1941 

1849 

1752 

1784 

1322 

645 

397 

366 

458 

IN 

669 

1011 

1113 

1740 

1529 

1352 

1273 

1219 

1171 

908 

IN 

575 

431 

407 

375 

357 

348 

243 

231 

469 

598 

IN 

671 

585 

369 

237 

288 

360 

546 

768 

900 

874 

IN 

829 

712 

549 

2648 

1733 

1751 

1617 

1671 

1565 

1433 

IN 

922 

465 

361 

384 

353 

328 

298 

305 

296 

285 

IN 

279 

235 

143 

142 

139 

150 

226 

282 

276 

191 

IN 

106 

139 

183 

220 

269 

268 

278 

283 

311 

249 

IN 

178 

172 

162 

177 

135 

119 

117 

117 

130 

164 

IN 

161 

166 

160 

117 

61 

42 

51 

141 

142 

108 

IN 

87 

235 

418 

701 

621 

790 

976 

1222 

1532 

1570 

IN 

50 

1MAY74 

3317 

3816 

3333 

3150 

2843 

2861 

2976 

2831 

IN 

3011 

3250 

3265 

4695 

13438 

10915 

9154 

8282 

7643 

7539 

IN 

6757 

6013 

4768 

3744 

3530 

3463 

3178 

2914 

2592 

2150 

IN 

1941 

1852 

1735 

1747 

1903 

2065 

1847 

1399 

1148 

1035 

IN 

978 

844 

714 

809 

784 

873 

969 

816 

1405 

1972 

IN 

2159 

1563 

1308 

1482 

1621 

1469 

1155 

1353 

975 

1469 

IN 

1483 

1761 

1469 

4196 

7637 

5846 

5734 

4803 

4285 

3660 

IN 

3314 

2783 

1990 

1912 

1651 

1441 

937 

893 

1209 

1028 

IN 

980 

990 

1160 

785 

550 

695 

679 

705 

701 

786 

IN 

566 

627 

774 

742 

696 

661 

613 

578 

630 

914 

IN 

930 

930 

918 

981 

1006 

881 

924 

829 

857 

780 

IN 

684 

606 

637 

670 

578 

562 

558 

486 

458 

440 

IN 

621 

825 

1619 

2200 

2012 

1742 

1687 

2852 

4965 

4311 

QA 

10 

1MAY74 

1270 

1320 

1360 

1410 

1440 

1470 

1480 

1480 

QA 

1480 

1480 

1790 

2190 

2480 

3480 

4490 

4420 

4300 

4210 

QA 

4130 

3960 

3720 

3370 

2470 

1910 

1950 

1940 

1890 

1570 

QA 

1270 

1680 

2210 

2480 

4000 

5510 

5350 

4400 

2930 

1970 

QA 

1570 

1570 

1570 

1560 

1560 

1530 

1510 

1480 

1830 

2690 

QA 

3120 

2840 

1640 

819 

854 

900 

1540 

2750 

3250 

2860 

QA 

2100 

2030 

2030 

3600 

9280 

11000 

7280 

4130 

3250 

2180 

QA 

1750 

1470 

1210 

1290 

1320 

1320 

1290 

1270 

1230 

948 

QA 

570 

600 

610 

610 

621 

631 

642 

707 

764 

753 

QA 

741 

730 

730 

741 

730 

719 

707 

707 

775 

775 

QA 

819 

786 

494 

819 

865 

654 

865 

831 

797 

764 

QA 

719 

685 

494 

631 

580 

521 

346 

540 

486 

486 

QA 

521 

600 

438 

797 

1410 

2000 

2050 

2130 

3460 

4590 
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QA 

20 

1MAY74 

1236 

521 

387 

405 

442 

949 

1602 

1572 

QA 

1528 

1040 

600 

593 

590 

488 

390 

497 

600 

600 

QA 

597 

495 

310 

220 

220 

220 

226 

325 

420 

417 

QA 

403 

400 

286 

165 

110 

no 

no 

no 

275 

540 

QA 

637 

627 

518 

420 

420 

420 

420 

320 

227 

330 

QA 

430 

423 

226 

110 

110 

no 

no 

105 

316 

440 

QA 

440 

437 

430 

226 

110 

no 

no 

no 

no 

no 

QA 

110 

105 

110 

110 

110 

no 

no 

no 

no 

no 

QA 

110 

110 

110 

110 

110 

no 

75 

35 

35 

35 

QA 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

QA 

35 

35 

35 

35 

36 

38 

62 

85 

105 

125 

QA 

182 

240 

240 

240 

235 

230 

178 

125 

125 

125 

QA 

125 

125 

125 

125 

285 

.  463 

601 

676 

665 

655 

EJ 

TI 

PARALLEl 

,  RIVER 

BASIN  TEST  WITH 

PRESET  GATE 

OPERATION  (CAL. MODE) 

TI 

RESERVOIRS  ARE 

FICTICIOUS  ALSO 

**  C.P.  OF 

10,  20, 

30,  40 

AND  50 

TI 

CONSTITUENTS  ARE  TEMPERATURE,  TDS,  CARBONACEOUS  BOD  AND 

OXYGEN 

JA 

740501 

740831 

5 

2 

F 

0 

EZ 

-1 

ET 

121 

64.06 

138.8 

2385.6 

12.35 

ET 

122 

62.44 

111.4 

2409.1 

10.31 

ET 

123 

65.44 

126.3 

2385.9 

10.60 

ET 

124 

60.66 

107.7 

2456.1 

10.34 

ET 

125 

63.36 

102.6 

2457.1 

9.35 

ET 

126 

57.60 

124.1 

2466.3 

12.60 

ET 

127 

58.75 

89.7 

2507.6 

8.88 

ET 

128 

66.16 

90.8 

2484.1 

7.72 

ET 

129 

66.36 

138.3 

2446.0 

11.48 

ET 

130 

67.68 

96.1 

2494.6 

7.85 

ET 

131 

70.23 

130.1 

2473.9 

10.09 

ET 

132 

66.18 

147.4 

2470.1 

12.21 

ET 

133 

62.56 

144.1 

2518.4 

13.40 

ET 

134 

72.00 

149.0 

2492.1 

11.23 

ET 

135 

71.49 

175.2 

2472.3 

13.02 

ET 

136 

74.91 

133.5 

2480.6 

9.06 

ET 

137 

78.21 

176.4 

2413.2 

10.65 

ET 

138 

75.06 

127.7 

2486.3 

8.59 

ET 

139 

72.84 

131.9 

2525.7 

9.60 

ET 

140 

73.33 

118.8 

2544.2 

8.55 

ET 

141 

81.63 

95.9 

2508.9 

5.46 

ET 

142 

77.95 

142.0 

2476.5 

8.68 

ET 

143 

73.94 

148.7 

2521.6 

10.31 

ET 

144 

68.99 

151.9 

2563.9 

12.01 

ET 

145 

67.24 

99.2 

2614.1 

8.21 

ET 

146 

69.55 

97.3 

2617.0 

7.72 

ET 

147 

64.69 

119.9 

2640.5 

10.76 

ET 

148 

71.17 

97.5 

2626.2 

7.47 

ET 

149 

73.54 

145.0 

2558.2 

10.02 

ET 

150 

80.04 

107.4 

2543.5 

6.31 

ET 

151 

77.13 

137.9 

2528.9 

8.64 

ET 

152 

70.47 

132.4 

2598.9 

10.09 

ET 

153 

72.09 

120.6 

2629.7 

9.06 

ET 

154 

78.21 

86.5 

2621.4 

5.50 

ET 

155 

79.57 

99.9 

2598.9 

6.09 
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ET 

156 

76.06 

133.5 

2597.6 

8.93 

ET 

157 

77.65 

133.5 

2579.1 

8.50 

ET 

158 

75.63 

175.0 

2568.3 

11.63 

ET 

159 

78.80 

137.6 

2562.9 

8.34 

ET 

160 

82.00 

138.6 

2539.4 

7.67 

ET 

161 

77.77 

212.1 

2535.9 

13.02 

ET 

162 

69.73 

170.9 

2626.5 

13.27 

ET 

163 

71.67 

119.4 

2644.6 

8.88 

ET 

164 

73.76 

105.8 

2658.3 

7.56 

ET 

165 

79.68 

93.8 

2632.5 

5.75 

ET 

166 

72.72 

153.5 

2601.4 

10.85 

ET 

167 

71.62 

145.3 

2627.1 

10.72 

ET 

168 

71.26 

110.0 

2663.7 

8.34 

ET 

169 

73.63 

124.3 

2646.5 

8.88 

ET 

170 

77.79 

129.1 

2600.1 

8.21 

ET 

171 

82.04 

144.8 

2542.0 

8.05 

ET 

172 

77.67 

199.4 

2553.1 

12.44 

ET 

173 

81.25 

107.0 

2592.8 

6.22 

ET 

174 

72.32 

143.9 

2625.9 

10.51 

ET 

175 

71.35 

151.0 

2647 . 8 

11.52 

ET 

176 

71.62 

129.3 

2649.1 

9.80 

ET 

177 

77.68 

96.6 

2622.1 

6.13 

ET 

178 

75.09 

129.3 

2628.7 

8.93 

ET 

179 

74.39 

127.5 

2615.1 

8.88 

ET 

180 

74.98 

130.1 

2601.1 

8.84 

ET 

181 

74.88 

210.0 

2568.0 

14.18 

ET 

182 

80.55 

135.6 

2566.8 

8.01 

ET 

183 

80.89 

185.1 

2524.8 

10.67 

ET 

184 

83.64 

204.0 

2486.3 

10.76 

ET 

185 

83.70 

200.2 

2483 . 8 

10.56 

ET 

186 

82.60 

140.0 

2503.8 

7.58 

ET 

187 

83.17 

106.5 

2566.4 

5.97 

ET 

188 

89.10 

87.1 

2546.7 

4.14 

ET 

189 

89.42 

102.4 

2502.9 

4.72 

ET 

190 

86.77 

141 . 1‘ 

2467.9 

6.85 

ET 

191 

82.85 

165.3 

2461.5 

8.77 

ET 

192 

77.04 

165.3 

2538.5 

10.65 

ET 

193 

79.90 

105.1 

2557.9 

6.38 

ET 

194 

87.21 

86.2 

2531.5 

4.30 

ET 

195 

82.40 

168.8 

2466 . 9 

9.26 

ET 

196 

78.49 

168.8 

2498.7 

10.43 

ET 

197 

76.98 

140.4 

2528.0 

9.08 

ET 

198 

85.08 

91.6 

2508.9 

4.79 

ET 

199 

83.80 

141.6 

2436 . 7 

7.47 

ET 

200 

81.34 

201.3 

2425.6 

11.30 

ET 

201 

77.05 

147.3 

2496.5 

9.51 

ET 

202 

77.18 

127.0 

2509.5 

8.30 

ET 

203 

82.02 

109.7 

2467 . 6 

6.22 

ET 

204 

79.34 

124.5 

2445 . 3 

7.29 

ET 

205 

80.82 

119.4 

2435.2 

6.85 

ET 

206 

84.99 

86.9 

2450.7 

4.50 

ET 

207 

89.44 

81.8 

2408 . 1 

3.71 

ET 

208 

88.47 

90.9 

2398.6 

4.25 

ET 

209 

82.58 

133.1 

2372.5 

7.18 
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ET 

210 

78.96 

151.3 

2377.3 

8.93 

ET 

211 

77.41 

150.5 

2393.2 

9.42 

ET 

212 

79.23 

127.3 

2391.3 

7.67 

ET 

213 

83.59 

103.3 

2373.8 

5.55 

ET 

214 

84.94 

111.8 

2329.0 

5.68 

ET 

215 

79.84 

175.7 

2297.5 

10.04 

ET 

216 

76.86 

172.7 

2324.9 

10.85 

ET 

217 

75.70 

118.1 

2364.3 

7.76 

ET 

218 

79.32 

102.2 

2340.8 

6.09 

ET 

219 

84.34 

95.9 

2296.2 

4.97 

ET 

220 

83.50 

107.5 

2261.9 

5.59 

ET 

221 

83.93 

98.9 

2259.4 

5.08 

ET 

222 

78.15 

134.9 

2266.7 

8.19 

ET 

223 

78.78 

161.9 

2230.5 

9.64 

ET 

224 

83.66 

114.8 

2198.0 

5.88 

ET 

225 

82.54 

122.9 

2195.5 

6.55 

ET 

226 

79.68 

132.4 

2210.7 

7.76 

ET 

227 

81.79 

96.2 

2219.6 

5.35 

ET 

228 

85.68 

86.2 

2188.8 

4.25 

ET 

229 

79.77 

152.6 

2150.0 

8.77 

ET 

230 

87.04 

73.6 

2159.9 

3.42 

ET 

231 

86.54 

73.1 

2158.0 

3.47 

ET 

232 

90.10 

67.8 

2142 . 1 

2.93 

ET 

233 

85.53 

89.0 

2121.1 

4.38 

ET 

234 

85.12 

89.0 

2106.5 

4.43 

ET 

235 

84.78 

95.2 

2088.7 

4.77 

ET 

236 

82.42 

110.2 

2072.5 

5.88 

ET 

237 

87.62 

71.2 

2069.9 

3.22 

ET 

238 

86.02 

88.3 

2042.6 

4.21 

ET 

239 

80.53 

159.8 

2012.4 

8.88 

ET 

-240 

79.48 

145.3 

2004.1 

8.19 

QC 

1 

0 

0 

0 

1 

TQ  TOTAL  DISSOLVED  SOLIDS  IN  MG/L,  COMPUTED  AS  0.62  X  CONDUCTIVITY 
TQ  CARBONACEOUS  BOD  IN  MG/L 

TQ  DISSOLVED  OXYGEN  IN  MG/L 


LI 

10 

1 

L2 

10 

5 

10 

.6 

2 

1 

LR 

2 

10000 

1 

5000 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

50 

50000 

825 

L7 

10 

2000 

820 

860 

900 

940 

L7 

10 

2000 

840 

880 

920 

960 

L8 

200 

400 

800 

1400 

2000 

3000 

5000 

PL 

0.25 

100 

.  -4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

40 

41 

42 

43 

45 

48 

60 

Cl 

120. 

120. 

120. 

120. 

120. 

180. 

180. 

C5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

C7 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

SA 

100 

100 

100 

100 

100 

100 

100 

DK 

0.1 

1.463 
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L2 

20 

2 

5 

LR 

3 

60000. 

L3 

.01 

1.-6 

.  1.-4 

L5 

1 

10 

895.5 

L6 

870 

99300 

962.5 

L7 

7.9 

2840 

895.5 

909.5 

L7 

7.9 

2840 

902.5 

916.5 

L8 

410 

460 

500 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

L9 

54 

55 

57 

Cl 

160 

190 

190 

C5 

.3 

.3 

.3 

C7 

8.4 

8.7 

9.2 

SA 

100 

100 

100 

DK 

.2 

CR 

1.047 

1.047 

1.047 

SI 

10 

1 

0 

S2 

10 

65.5 

30 

60 

S2 

20 

4.7 

30 

0. 

S2 

30 

60 

40 

40 

S2 

40 

40 

50 

24.2 

SR 

10 

30 

1 

2 

SR 

20 

30 

1 

2 

SR 

30 

40 

1 

2 

SR 

-40 

50 

1 

2 

S3 

10 

65.5 

844.0 

0. 

S3 

844.2 

0. 

S3 

844.6 

4.0 

S3 

845.0 

14.0 

S3 

846.0 

54.0 

S3 

847.0 

114.0 

S3 

848.0 

194.0 

S3 

849.0 

305.0 

S3 

850.0 

440.0 

S3 

851.0 

605.0 

S3 

852.0 

827.0 

S3 

853.0 

1100 . 0 

S3 

854.0 

1384.0 

S3 

855.0 

1677.0 

S3 

856.0 

1985.0 

S3 

857.0 

2308.0 

S3 

858.0 

2634.0 

S3 

859.0 

2960.0 

S3 

861.0 

3612.0 

S3 

863.0 

4264.0 

S3 

30 

60. 

825.4 

0. 

S3 

825.6 

1.0 

S3 

826.0 

10.0 

S3 

826.4 

27.0 

S3 

827.4 

92.0 

S3 

828.4 

179.0 

.6 

2 

1 

0 

-.7 

923.5 

937.5 

930.5 

944.5 

550 

600 

650 

700 

750 

0.10 

-0.05 

57 

57 

57 

57 

57 

190 

190 

190 

190 

190 

.3 

.3 

.3 

.3 

.3 

9.2 

9.2 

9.2 

9.2 

9.2 

100 

100 

100 

100 

100 

1.463 

1.0159 

10 

20 

1 

1.5 

1.5 

2 

45 

3 

1.975 

30 

4 

0. 

0. 

.050 

.21 

5.0 

.050 

.35 

20.0 

.050 

.61 

29.0 

.050 

1.04 

50.0 

.050 

1.40 

67.0 

.050 

1.55 

99.0 

.050 

1.84 

121.0 

.050 

2.02 

152.0 

.050 

2.20 

185.0 

.050 

2.17 

264.0 

.050 

2.52 

279.0 

.050 

2.87 

288.0 

.050 

3.15 

301.0 

.050 

3.40 

316.0 

.050 

3.67 

326.0 

.050 

3.99 

326.0 

.050 

4.30 

326.0 

.050 

4.88 

326.0 

.050 

5.41 

326.0 

.050 

0. 

0. 

.050 

.22 

9.0 

.050 

.43 

33.0 

.050 

.64 

52.0 

.050 

1.13 

77.0 

.050 

1.51 

96.0 

.050 
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S3 

829.4 

287.0 

1.79 

119.0 

.050 

S3 

830.4 

418.0 

2.08 

138.0 

.050 

S3 

831.4 

563.0 

2.38 

152.0 

.050 

S3 

832.4 

723.0 

2.65 

166.0 

.050 

S3 

833.4 

893.0 

2.95 

174.0 

.050 

S3 

834.4 

1071.0 

3.23 

183.0 

.050 

S3 

835.4 

1258.0 

3.48 

191.0 

.050 

S3 

836.4 

1455.0 

3.64 

207.0 

.050 

S3 

837.4 

1675.0 

3.68 

234.0 

.050 

S3 

838.4 

1922.0 

3.83 

253.0 

.050 

S3 

839.4 

2175.0 

4.16 

253.0 

.050 

S3 

840.4 

2428.0 

4.48 

253.0 

.050 

S3 

842.4 

2934.0 

5.08 

253.0 

.050 

S3 

844.4 

3440 . 0 

5.65 

253.0 

.050 

S3 

20 

4.7  859.6 

0. 

0. 

0. 

0.050 

S3 

859.8 

1.5 

0.16 

24. 

0.050 

S3 

860.2 

22.0 

0.46 

70. 

0.050 

S3 

860.6 

56.1 

0.73 

104. 

0.050 

S3 

861.6 

178.2 

1.28 

128. 

0.050 

S3 

862.6 

307.7 

1.82 

134. 

0.050 

S3 

863.6 

442.8 

2.28 

140. 

0.050 

S3 

864.6 

583.8 

2.57 

142. 

0.050 

S3 

865.6 

729.1 

2.97 

147. 

0.050 

S3 

866.6 

878.1 

3.19 

149. 

0.050 

S3 

867.6 

1030.6 

3.49 

156. 

0.050 

S3 

868.6 

1186.8 

3.78 

162. 

0.050 

S3 

869.6 

1346.6 

4.06 

168. 

0.050 

S3 

870.6 

1510.1 

4.32 

174. 

0.050 

S3 

871.6 

1677.2 

4.57 

180. 

0.050 

S3 

872.6 

1848.0 

4.81 

186. 

0.050 

S3 

873.6 

2022.4 

5.04 

192. 

0.050 

S3 

874.6 

2200.5 

5.27 

198. 

0.050 

S3 

876.6 

2567.5 

5.69 

210. 

0.050 

S3 

878.6 

2949.1 

6.10 

222. 

0.050 

S3 

30 

0.  825.4 

0. 

0. 

0. 

.050 

S3 

825.6 

1.0 

.22 

9.0 

.050 

S3 

826.0 

10.0 

.43 

33.0 

.050 

S3 

826.4 

27.0 

.64 

52.0 

.050 

S3 

827.4 

92.0 

1.13 

77.0 

.050 

S3 

828.4 

179.0 

1.51 

96.0 

.050 

S3 

829.4 

287.0 

1.79 

119.0 

.050 

S3 

830.4 

418.0 

2.08 

138.0 

.050 

S3 

831.4 

563.0 

2.38 

152.0 

.050 

S3 

832.4 

723.0 

2.65 

166.0 

.050 

S3 

833.4 

893.0 

2.95 

174.0 

.050 

S3 

834.4 

1071.0 

3.23 

183.0 

.050 

S3 

835.4 

1258.0 

3.48 

191.0 

.050 

S3 

836.4 

1455.0 

3.64 

207.0 

.050 

S3 

837.4 

1675.0 

3.68 

234.0 

.050 

S3 

838.4 

1922.0 

3.83 

253.0 

.050 

S3 

839.4 

2175.0 

4.16 

253.0 

.050 

S3 

840.4 

2428.0 

4.48 

253.0 

.050 

S3 

842.4 

2934.0 

5.08 

253.0 

.050 

S3 

844.4 

3440.0 

5.65 

253.0 

.050 
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S3 

40 

40.0 

765.0 

0. 

0. 

0. 

.050 

S3 

765.2 

1.0 

.22 

9.0 

.050 

S3 

765.6 

10.0 

.43 

33.0 

.050 

S3 

766.0 

27.0 

.64 

52.0 

.050 

S3 

767.0 

92.0 

1.13 

77.0 

.050 

S3 

768.0 

179.0 

1.51 

96.0 

.050 

S3 

769.0 

287.0 

1.79 

119.0 

.050 

S3 

770.0 

418.0 

2.08 

138.0 

.050 

S3 

771.0 

563.0 

2.38 

152.0 

.050 

S3 

772.0 

723.0 

2.65 

166.0 

.050 

S3 

773.0 

893.0 

2.95 

174.0 

.050 

S3 

774.0 

1071.0 

3.23 

183.0 

.050 

S3 

775.0 

1258.0 

3.48 

191.0 

.050 

S3 

776.0 

1455.0 

3.64 

207.0 

.050 

S3 

777.0 

1675.0 

3.68 

234.0 

.050 

S3 

778.0 

1922.0 

3.83 

253.0 

.050 

S3 

779.0 

2175.0 

4.16 

253.0 

.050 

S3 

780.0 

2428.0 

4.48 

253.0 

.050 

S3 

782.0 

2934.0 

5.08 

253.0 

.050 

S3 

784.0 

3440 . 0 

5.65 

253.0 

.050 

S3 

50 

32.0 

730.6 

0. 

0. 

0. 

.050 

S3 

730.8 

0. 

.21 

2.0 

.050 

S3 

731.2 

2.0 

.44 

6.0 

.050 

S3 

731.6 

6.0 

.45 

19.0 

.050 

S3 

732.6 

74.0 

.84 

96.0 

.050 

S3 

733.6 

177.0 

1.37 

109.0 

.050 

S3 

734.6 

291.0 

1.80 

120.0 

.050 

S3 

735.6 

421.0 

2.12 

135.0 

.050 

S3 

736.6 

565.0 

2.44 

147.0 

.050 

S3 

737.6 

715.0 

2.74 

155.0 

.050 

S3 

738.6 

878.0 

2.99 

168.0 

.050 

S3 

739.6 

1050.0 

3.26 

176.0 

.050 

S3 

740.6 

1230.0 

3.51 

184.0 

.050 

S3 

741.6 

1418.0 

3.74 

193.0 

.050 

S3 

742.6 

1618.0 

3.83 

212.0 

.050 

S3 

743.6 

1844.0 

3.86 

239.0 

.050 

S3 

744.6 

2094.0 

4.05 

253.0 

.050 

S3 

745.6 

2347.0 

4.37 

253.0 

.050 

S3 

747.6 

2853.0 

4.98 

253.0 

.050 

S3 

749.6 

3359.0 

5.55 

253.0 

.050 

S3 

50 

30.4 

722.9 

0. 

0. 

0. 

.030 

S3 

723.1 

2.0 

.22 

15.0 

.030 

S3 

723.5 

14.0 

.45 

45.0 

.030 

S3 

723.9 

37.0 

.64 

74.0 

.030 

S3 

724.9 

130.0 

1.12 

111.0 

.030 

S3 

725.9 

271.0 

1.43 

167.0 

.030 

S3 

726.9 

462.0 

1.72 

218.0 

.030 

S3 

727.9 

701.0 

2.04 

257.0 

.030 

S3 

728.9 

978.0 

2.34 

287.0 

.030 

S3 

729.9 

1275.0 

2.59 

310.0 

.030 

S3 

730.9 

1599.0 

2.79 

337.0 

.030 

S3 

731.9 

1964.0 

2.71 

418.0 

.030 

S3 

732.9 

2394.0 

2.98 

444.0 

.030 

S3 

733.9 

2851.0 

3.24 

469.0 

.030 
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S3 

734.9 

3342.0 

3.39 

518.0 

.030 

S3 

735.9 

3887.0 

3.54 

571.0 

.030 

S3 

736.9 

4482.0 

3.74 

610.0 

.030 

S3 

737.9 

5100.0 

4.01 

627.0 

.030 

S3 

739.9 

6390.0 

4.49 

662.0 

.030 

S3 

741.9 

7745.0 

4.96 

692.0 

.030 

S3 

50 

28.4 

725.3 

0. 

0. 

0. 

.030 

S3 

725.5 

4.0 

.23 

30.0 

.030 

S3 

725.9 

22.0 

.48 

59.0 

.030 

S3 

726.3 

51.0 

.67 

90.0 

.030 

S3 

727.3 

167.0 

1.13 

139.0 

.030 

S3 

728.3 

375.0 

1.37 

249.0 

.030 

S3 

729.3 

644.0 

1.75 

289.0 

.030 

S3 

730.3 

946.0 

2.13 

313.0 

.030 

S3 

731.3 

1271.0 

2.46 

336.0 

.030 

S3 

732.3 

1617.0 

2.76 

357.0 

.030 

S3 

733.3 

1985.0 

3.03 

379.0 

.030 

S3 

734.3 

2387.0 

3.20 

428.0 

.030 

S3 

735.3 

2831.0 

3.41 

463.0 

.030 

S3 

736.3 

3311.0 

3.55 

497.0 

.030 

S3 

737.3 

3824.0 

3.73 

527.0 

.030 

S3 

738.3 

4370.0 

3.86 

575.0 

.030 

S3 

739.3 

4985.0 

3.99 

634.0 

.030 

S3 

740.3 

5632.0 

4.20 

659.0 

.030 

S3 

742.3 

7002.0 

4.58 

709.0 

.030 

S3 

744.3 

8458.0 

5.02 

742.0 

.030 

S3 

50 

26.3 

722.7 

0. 

0. 

0. 

.030 

S3 

722.8 

1.0 

.22 

9.0 

.030 

S3 

723.2 

8.0 

.45 

26.0 

.030 

S3 

723.7 

22.0 

.62 

45.0 

.030 

S3 

724.7 

92.0 

1.00 

94.0 

.030 

S3 

725.7 

219.0 

1.22 

167.0 

.030 

S3 

726.7 

436.0 

1.38 

265.0 

.030 

S3 

727.7 

751.0 

1.58 

365.0 

.030 

S3 

728.7 

1158.0 

1.86 

441.0 

.030 

S3 

729.7 

1628.0 

2.17 

496.0 

.030 

S3 

730.7 

2254.0 

2.19 

729.0 

.030 

S3 

731.7 

3038.0 

2.44 

809.0 

.030 

S3 

732.7 

3867.0 

2.74 

858.0 

.030 

S3 

733.7 

4756.0 

3.00 

913.0 

.030 

S3 

734.7 

5699.0 

3.23 

981.0 

.030 

S3 

735.7 

6697.0 

3.45 

1022.0 

.030 

S3 

736.7 

7750.0 

3.68 

1067.0 

.030 

S3 

737.7 

8825.0 

3.97 

1083.0 

.030 

S3 

739.7 

11032.0 

4.51 

1117.0 

.030 

S3 

741.7 

13278.0 

5.08 

1129.0 

.030 

S3 

50 

24.2 

721.6 

0. 

0. 

0. 

.030 

S3 

721.8 

6.0 

.22 

56.0 

.030 

S3 

722.2 

50.0 

.47 

150.0 

.030 

S3 

722.6 

118.0 

.69 

190.0 

.030 

S3 

723.6 

354.0 

1.13 

270.0 

.030 

S3 

724.6 

656.0 

1.41 

358.0 

.030 

S3 

725.6 

1079.0 

1.60 

484.0 

.030 

S3 

726.6 

1606.0 

1.88 

568.0 

.030 
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S3 

727.6 

2215.0 

2.16 

648.0 
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S3 

728.6 

2903.0 

2.41 

730.0 

.030 

S3 

729.6 

3687.0 

2.62 

834.0 

.030 

S3 

730.6 

4563.0 
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.030 
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.030 
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4.09 
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.030 
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11341.0 

4.38 

1242.0 

.030 
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13849.0 
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.030 
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CT 

40 

740101 

45. 

3. 

0. 

CT 

740504 

50. 

3. 

0. 

CT 

740514 

55. 

3. 

0. 

CT 

740515 

60. 

3. 

0. 

CT 
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55. 

3. 

0. 

CT 

741109 

50. 

3. 

0. 

CT 

741214 

45. 

3. 

0. 

CT 
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45. 

3. 

0. 

CT 
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0. 
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0. 
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0. 
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0.2 

1. 

0. 

CT 

740101 

5.5 

0. 

30. 

CT 

-741231 

5.5 

0. 

30. 

CT 

50 

740101 

50. 

3. 

0. 

CT 

740506 

55. 

3. 

0. 

CT 

740510 

60. 

3. 

0. 

CT 

740515 

65. 

3. 

0. 

CT 

740708 

70. 

3. 

0. 

CT 

740924 

65. 

3. 

0. 

CT 

741018 

60. 

3. 

0. 

CT 

741112 

55. 

3. 

0. 

CT 

741206 

50. 

3. 

0. 

CT 

-741231 

50. 

3. 

0. 

CT 

740101 

190. 

1. 

0. 

CT 

-741231 

190. 

1. 

0. 

CT 

740101 

0.3 

1. 

0. 

CT 

-741231 

0.3 

1. 

0. 

CT 

740101 

6.0 

0. 

30. 

CT 

-741231 

6.0 

0. 

30. 

11 

740101 

741231 

12 

0 

TRIE 

1  .. 

.  EAKER 

INFLOW 

RATE  . . 

.  RES  #  1 

14 

740101 

-0.5 

740408 

-0.5 

740422 

-0.7 

740708 

-0.3 

14 

740826 

-0.3 

741231 

-0.5 

-1 

12 

1 

0 

TRIE 

1  .. 

.  EAKER 

INFLOW 

TEMPERATURE 

14 

740101 

-1.5 

740408 

-1.5 

740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231 

-1.5 

-1 

12 

0 

TRIE 

1  .. 

.  EAKER 

INFLOW 

-  TOTAL 

DISSOLVED 

SOLIDS 

14 

740101 

105. 

741231 

105. 

-1 

12 

0 

TRIE 

1  .. 

.  EAKER 

INFLOW 

-  CAREONACEOUS  EOD 

14 

740101 

0.5 

741231 

0.5 

-1 

12 

0 

TRIE 

1  .. 

.  EAKER 

INFLOW 

-  DISSOLVED  OXYGEN 

14 

740101 

12.8 

740115 

13.1 

740215 

12.4 

740315 

11.8 

14 

740415 

11.7 

740515 

9.3 

740615 

8.9 

740715 

8.2 

14 

740815 

7.8 

740915 

9.7 

741015 

10.0 

741115 

11.0 

14 

741215 

12.4 

741231 

12.8 

-1 

12 

0 

TRIE 

2  .. 

.  SMITH 

INFLOW 

RATE  . . . 

RES  #  1 

14 

740101 

-0.5 

740408 

-0.5 

740422 

-0.7 

740708 

-0.7 

14 

740826 

-0.7 

741231 

-0.5 

-1 

12 

1 

0 

TRIE 

2  .. 

.  SMITH 

INFLOW 

TEMPERATURE 

14 

740101 

-0.1 

740125 

2.0 

740210 

1.2 

740224 

-1.8 

14 

740310 

0.1 

740324 

-10.4 

740414 

-15.8 

740428 

-24.3 

14 

740512 

-15.6 

740527 

-16.0 

740609 

-11.0 

740623 

-15.6 
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14 

740714 

-9.1 

740728 

-12.3 

740811 

-10.3 

740825 

-15.0 

14 

740908 

-15.5 

740922 

-17.8 

741014 

-11.1 

741028 

-6.1 

14 

741110 

-6.5 

741124 

-4.4 

741208 

-6.2 

741231 

1.5 

14 

-1 

12 

0 

TRIB  2 

•  •  • 

SMITH 

INFLOW  - 

TDS 

14 

740101 

140 

740115 

110 

740215 

240 

740315 

400 

14 

740415 

130 

740515 

1095 

740615 

80 

740715 

100 

14 

740815 

70 

740915 

50 

741015 

100 

741115 

90 

14 

741215 

310 

741231 

360 

-1 

12 

0 

TRIB  2  . 

►  •  • 

SMITH 

INFLOW  - 

CBOD 

14 

740101 

.2 

740115 

.2 

740215 

.4 

740315 

.5 

14 

740415 

.2 

740515 

1.8 

740615 

.1 

740715 

.2 

14 

740815 

.1 

740915 

.1 

741015 

.2 

741115 

.1 

14 

741215 

.5 

741231 

.6 

-1 

12 

0 

TRIB  2  . 

.  •  . 

SMITH 

INFLOW  - 

DISSOLVED  OXYGEN 

14 

740101 

13.1 

740115 

13.1 

740215 

12.4 

740315 

11.8 

14 

740415 

11.8 

740515 

9.4 

740615 

9.0 

740715 

8.3 

14 

740815 

7.8 

740915 

9.7 

741015 

10.0 

741115 

11.0 

14 

741215 

12.4 

741231 

12.8 

-1 

12 

0 

TRIB  3  INFLOW  RATE  -  RM  45 

&  RES 

#  2 

14 

740101 

-1 

741231 

-1. 

-1 

12 

1 

OTRIB  3  - 

RM 

45 

14 

740101 

-1.5 

740408 

-1.5 

740422 

-3.0 

740708 

-4. 

14 

740826 

-3. 

741231 

-1.5 

-1 

12 

0 

TRIB  3  - 

RM  45  - 

TOTAL  DISSOLVED 

SOLIDS 

14 

740101 

160. 

741231 

160. 

-1 

12 

0 

TRIB  3  - 

RM  45  - 

CARBONACEOUS  BOD 

14 

740101 

0.6 

741231 

0.6 

-1 

12 

0 

TRIB  3  - 

RM  45  - 

DISSOLVED 

OXYGEN 

14 

740101 

12.8 

740115 

13.1 

740215 

12.4 

740315 

11.8 

14 

740415 

11,7 

740515 

9.3 

740615 

8.9 

740715 

8.2 

14 

740815 

7.8 

740915 

9.7 

741015 

10.0 

741115 

11.0 

14 

741215 

12.4 

741231 

12.8 

-1 

12 

0 

TRIB  4  INFLOW  RATE  -  RM  30 

14 

740826 

-1. 

741231 

-1. 

-1 

12 

1 

OTRIB  4  - 

RM 

30 

14 

740101 

-1.5 

740408 

-1.5 

740422 

-3.0 

740708 

-6. 

14 

740826 

-5. 

741231 

-1.5 

-1 

12 

0 

TRIB  4  - 

RM  30  - 

TOTAL  DISSOLVED 

SOLIDS 

14 

740101 

160. 

741231 

160. 

-1 

12 

0 

TRIB  4  - 

RM  30  - 

CARBONACEOUS  BOD 

14 

740101 

0.6 

741231 

0.6 

-1 

12 

0 

TRIB  4  - 

RM  30  - 

DISSOLVED 

OXYGEN 

14 

740101 

12.8 

740115 

13.1 

740215 

12.4 

740315 

11.8 

14 

740415 

11.7 

740515 

9.3 

740615 

8.9 

740715 

8.2 

14 

740815 

7.8 

740915 

9.7 

741015 

10.0 

741115 

11.0 

14 

741215 

12.4 

741231 

12.8 

-1 

G1740501 

740831 

G2 

20 

740501 

740515 

0 

0 

2 

2 

1 

3 

G2 

10 

740501 

740520 

0 

0 

1 

1 

2 

3 

G2 

20 

740516 

740620 

0 

0 

3 

3 

1 

1 

G2 

20 

740621 

740831 

0 

0 

2 

3 

2 

2 

G2 

10 

740521 

740710 

0 

0 

2 

2 

3 

3 

G2 

10 

740711 

-740831 

0 

0 

2 

1 

4 

2 
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TEST  PROBLEM  4  -  Tandem  Reservoirs  with  Phytoplankton  Option 

The  system  simulated  in  this  test  of  the  water  quality  module  consists  of 
the  same  reservoir  and  stream  configuration  as  Test  Problem  2.  The  unique  input 
to  this  test  problem,  includes  selecting  the  phytoplankton  option  (QC  card, 
Field  9),  omitting  constituent  title  card  (TQ  cards),  and  specifying  the 
necessary  stream  objective  function  values  (CT  cards)  and  the  local  inflow 
quality  cards  (11-14  cards). 

A  complete  listing  of  the  input  data  deck  is  given  below.  A  complete  output 
listing  is  included  with  the  computer  source  code  distribution. 
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T1  TESTING  HEC5Q  WATER  QUALITY  SIMULATION  CAPABILITY 
T2  TANDEM  RIVER  SYSTEM. . .PHYTOPLANKTON  OPTION 


T3 

TEST  PROBLEM 

4 

J1 

0 

5 

5 

3 

4 

2 

0 

0 

J2 

36 

0 

0 

0 

0 

0 

0 

J9 

RL 

10 

1200000 

0 

100000 

200000 

1500000 

1600000 

RO 

3 

2 

3 

4 

RS 

7 

100 

6300 

31300 

88000 

188000 

563000 

1688000 

RQ 

7 

0 

20000 

30000 

40000 

50000 

50000 

50000 

RA 

7 

10 

500 

1500 

3000 

5000 

10000 

20000 

RE 

7 

800 

825 

850 

870 

900 

950 

1030 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

10 

15000 

300 

200 

IDCPIO -HAYES  DAM 

RT 

10 

20 

2.2 

.25 

12 

0 

CP 

20 

12000 

300 

200 

ID 

CP20 

**  RM60 

RT 

20 

30 

2.2 

.25 

12 

0 

CP 

30 

12000 

300 

200 

ID 

CP30 

**  RM40 

RT 

30 

40 

2.2 

.25 

12 

0 

RL 

40 

550000 

0 

2000 

550000 

952000 

1130000 

RO 

1 

5 

RS 

8 

2000 

20000 

52000 

113000 

209000 

320000 

550000 

800000 

1130000 

RQ 

8 

0 

5680 

5680 

5680 

5680 

5680 

29180 

59680 

104980 

RA 

8 

150 

2100 

4500 

7600 

11800 

17000 

22400 

28600 

37200 

RE 

8 

892 

910 

920 

930 

940 

950 

962.5 

970 

980 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

40 

10000 

300 

200 

IDCP40- DAVIS  DAM 

RT 

40 

50 

2.2 

.25 

12 

0 

CP 

50 

50000 

300 

200 

IDCP50  ** 

RM24.2 

RT 

50 

0 

0 

0 

0 

0 

ED 

BF 

0 

120 

0 

074050100 

120 

24 

NOLIST 

IN 

10 

1MAY74 

2059 

1814 

2125 

2243 

1947 

1836 

1735 

1587 

IN 

1549 

1509 

1413 

4584 

7520 

5061 

3549 

2931 

2801 

3866 

IN 

2752 

2293 

1962 

1793 

2476 

2528 

1958 

1650 

1462 

1344 

IN 

1810 

3581 

3367 

7629 

5501 

3699 

3057 

2603 

2294 

2073 

IN 

1894 

1750 

1596 

1423 

1313 

1251 

1052 

1312 

2547 

2301 

IN 

1803 

1360 

1185 

1200 

1456 

2434 

4601 

3121 

2769 

2230 

IN 

1846 

2107 

1918 

15259 

7046 

4185 

3113 

3167 

2814 

2295 

IN 

1910 

1606 

1448 

1535 

1368 

1196 

1039 

1032 

1013 

940 

IN 

890 

890 

865 

826 

783 

826 

928 

847 

788 

829 

IN 

804 

806 

945 

801 

712 

751 

914 

911 

935 

792 

IN 

747 

717 

823 

1416 

997 

806 

759 

732 

683 

653 

IN 

633 

639 

621 

644 

604 

598 

598 

596 

601 

642 

IN 

662 

838 

756 

1130 

1138 

1202 

1774 

2727 

2659 

1566 
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IN 

20 

1MAY74 

645 

588 

561 

488 

452 

440 

425 

405 

IN 

406 

398 

380 

923 

1207 

1171 

1161 

1075 

1190 

1601 

IN 

1685 

1941 

1849  . 

1752 

1784 

1322 

645 

397 

366 

458 

IN 

669 

1011 

1113 

1740 

1529 

1352 

1273 

1219 

1171 

908 

IN 

575 

431 

407 

375 

357 

348 

243 

231 

469 

598 

IN 

671 

585 

369 

237 

288 

360 

546 

768 

900 

874 

IN 

829 

712 

549 

2648 

1733 

1751 

1617 

1671 

1565 

1433 

IN 

922 

465 

361 

384 

353 

328 

298 

305 

296 

285 

IN 

279 

235 

143 

142 

139 

150 

226 

282 

276 

191 

IN 

106 

139 

183 

220 

269 

268 

278 

283 

311 

249 

IN 

178 

172 

162 

177 

135 

119 

117 

117 

130 

164 

IN 

161 

166 

160 

117 

61 

42 

51 

141 

142 

108 

IN 

87 

235 

418 

701 

621 

790 

976 

1222 

1532 

1570 

IN 

30 

1MAY74 

645 

588 

561 

488 

452 

440 

425 

405 

IN 

406 

398 

380 

923 

1207 

1171 

1161 

1075 

1190 

1601 

IN 

1685 

1941 

1849 

1752 

1784 

1322 

645 

397 

366 

458 

IN 

669 

1011 

1113 

1740 

1529 

1352 

1273 

1219 

1171 

908 

IN 

575 

431 

407 

375 

357 

348 

243 

231 

469 

598 

IN 

671 

585 

369 

237 

288 

360 

546 

768 

900 

874 

IN 

829 

712 

549 

2648 

1733 

1751 

1617 

1671 

1565 

1433 

IN 

922 

465 

361 

384 

353 

328 

298 

305 

296 

285 

IN 

279 

235 

143 

142 

139 

150 

226 

282 

276 

191 

IN 

106 

139 

183 

220 

269 

268 

278 

283 

311 

249 

IN 

178 

172 

162 

177 

135 

119 

117 

117 

130 

164 

IN 

161 

166 

160 

117 

61 

42 

51 

141 

142 

108 

IN 

87 

235 

418 

701 

621 

790 

976 

1222 

1532 

1570 

IN 

50 

1MAY74 

3317 

3816 

3333 

3150 

2843 

2861 

2976 

2831 

IN 

3011 

3250 

3265 

4695 

13438 

10915 

9154 

8282 

7643 

7539 

IN 

6757 

6013 

4768 

3744 

3530 

3463 

3178 

2914 

2592 

2150 

IN 

1941 

1852 

1735 

1747 

1903 

2065 

1847 

1399 

1148 

1035 

IN 

978 

844 

714 

809 

784 

873 

969 

816 

1405 

1972 

IN 

2159 

1563 

1308 

1482 

1621 

1469 

1155 

1353 

975 

1469 

IN 

1483 

1761 

1469 

4196 

7637 

5846 

5734 

4803 

4285 

3660 

IN 

3314 

2783 

1990 

1912 

1651 

1441 

937 

893 

1209 

1028 

IN 

980 

990 

1160 

785 

550 

695 

679 

705 

701 

786 

IN 

566 

627 

774 

742 

696 

661 

613 

578 

630 

914 

IN 

930 

930 

918 

981 

1006 

881 

924 

829 

857 

780 

IN 

684 

606 

637 

670 

578 

562 

558 

486 

458 

440 

IN 

621 

825 

1619 

2200 

2012 

1742 

1687 

2852 

4965 

4311 

QA 

10 

1MAY74 

1270 

1320 

1360 

1410 

1440 

1470 

1480 

1480 

QA 

1480 

1480 

1790 

2190 

2480 

3480 

4490 

4420 

4300 

4210 

QA 

4130 

3960 

3720 

3370 

2470 

1910 

1950 

1940 

1890 

1570 

QA 

1270 

1680 

2210 

2480 

4000 

5510 

5350 

4400 

2930 

1970 

QA 

1570 

1570 

1570 

1560 

1560 

1530 

1510 

1480 

1830 

2690 

QA 

3120 

2840 

1640 

819 

854 

900 

1540 

2750 

3250 

2860 

QA 

2100 

2030 

2030 

3600 

9280 

11000 

7280 

4130 

3250 

2180 

QA 

1750 

1470 

1210 

1290 

1320 

1320 

1290 

1270 

1230 

948 

QA 

570 

600 

610 

610 

621 

631 

642 

707 

764 

753 

QA 

741 

730 

730 

741 

730 

719 

707 

707 

775 

775 

QA 

819 

786 

494 

819 

865 

654 

865 

831 

797 

764 

QA 

719 

685 

494 

631 

580 

521 

346 

540 

486 

486 

QA 

521 

600 

438 

797 

1410 

2000 

2050 

2130 

3460 

4590 

EJ 
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TI  FICTICIOUS  TANDEM  RIVER  BASIN  TEST  OF  HEC-5Q  WITH  WATER  QUALITY 

TI  UPPER  AND  LOWER  RESERVOIRS  ARE  FICTICIOUS  AT. SO 

TI  PHYTOPLANKTON  OPTION 


JA 

740501 

740831 

5 

2 

F 

EZ 

-1 

ET 

121 

64.06 

138.8 

2385.6 

12.35 

ET 

122 

62.44 

111.4 

2409 . 1 

10.31 

ET 

123 

65.44 

126.3 

2385.9 

10.60 

ET 

124 

60.66 

107.7 

2456.1 

10.34 

ET 

125 

63.36 

102.6 

2457.1 

9.35 

ET 

126 

57.60 

124.1 

2466.3 

12.60 

ET 

127 

58.75 

89.7 

2507.6 

8.88 

ET 

128 

66.16 

90.8 

2484.1 

7.72 

ET 

129 

66.36 

138.3 

2446.0 

11.48 

ET 

130 

67.68 

96.1 

2494.6 

7.85 

ET 

131 

70.23 

130.1 

2473.9 

10.09 

ET 

132 

66.18 

147.4 

2470.1 

12.21 

ET 

133 

62.56 

144.1 

2518.4 

13.40 

ET 

134 

72.00 

149.0 

2492.1 

11.23 

ET 

135 

71.49 

175.2 

2472.3 

13.02 

ET 

136 

74.91 

133.5 

2480.6 

9.06 

ET 

137 

78.21 

176.4 

2413.2 

10.65 

ET 

138 

75.06 

127.7 

2486.3 

8.59 

ET 

139 

72.84 

131.9 

2525.7 

9.60 

ET 

140 

73.33 

118.8 

2544.2 

8.55 

ET 

141 

81.63 

95.9 

2508.9 

5.46 

ET 

142 

77.95 

142.0 

2476.5 

8.68 

ET 

143 

73.94 

148.7 

2521.6 

10.31 

ET 

144 

68.99 

151.9 

2563.9 

12.01 

ET 

145 

67.24 

99.2 

2614.1 

8.21 

ET 

146 

69.55 

97.3 

2617.0 

7.72 

ET 

147 

64.69 

119.9 

2640.5 

10.76 

ET 

148 

71.17 

97.5 

2626.2 

7.47 

ET 

149 

73.54 

145.0 

2558.2 

10.02 

ET 

150 

80.04 

107.4 

2543.5 

6.31 

ET 

151 

77.13 

137.9 

2528.9 

8.64 

ET 

152 

70.47 

132.4 

2598.9 

10.09 

ET 

153 

72.09 

120.6 

2629.7 

9.06 

ET 

154 

78.21 

86.5 

2621.4 

5.50 

ET 

155 

79.57 

99.9 

2598.9 

6.09 

ET 

156 

76.06 

133.5 

2597.6 

8.93 

ET 

157 

77.65 

133.5 

2579.1 

8.50 

ET 

158 

75.63 

175.0 

2568.3 

11.63 

ET 

159 

78.80 

137.6 

2562.9 

8.34 

ET 

160 

82.00 

138.6 

2539.4 

7.67 

ET 

161 

77.77 

212.1 

2535.9 

13.02 

ET 

162 

69.73 

170.9 

2626.5 

13.27 

ET 

163 

71.67 

119.4 

2644.6 

8.88 

ET 

164 

73.76 

105.8 

2658.3 

7.56 

ET 

165 

79.68 

93.8 

2632.5 

5.75 

ET 

166 

72.72 

153.5 

2601.4 

10.85 

ET 

167 

71.62 

145.3 

2627.1 

10.72 

ET 

168 

71.26 

110.0 

2663.7 

8.34 

ET 

169 

73.63 

124.3 

2646.5 

8.88 
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ET 

170 

77.79 

129.1 

2600.1 

ET 

171 

82.04 

144.8 

2542.0 

ET 

172 

77.67 

199.4 

2553.1 

ET 

173 

81.25 

107.0 

2592.8 

ET 

174 

72.32 

143.9 

2625.9 

ET 

175 

71.35 

151.0 

2647.8 

ET 

176 

71.62 

129.3 

2649.1 

ET 

177 

77.68 

96.6 

2622.1 

ET 

178 

75.09 

129.3 

2628.7 

ET 

179 

74.39 

127.5 

2615.1 

ET 

180 

74.98 

130.1 

2601.1 

ET 

181 

74.88 

210.0 

2568.0 

ET 

182 

80.55 

135.6 

2566.8 

ET 

183 

80.89 

185.1 

2524.8 

ET 

.184 

83.64 

204.0 

2486.3 

ET 

185 

83.70 

200.2 

2483.8 

ET 

186 

82.60 

140.0 

2503.8 

ET 

187 

83.17 

106.5 

2566.4 

ET 

188 

89.10 

87.1 

2546 . 7 

ET 

189 

89.42 

102.4 

2502.9 

ET 

190 

86.77 

141.1 

2467.9 

ET 

191 

82.85 

165.3 

2461.5 

ET 

192 

77.04 

165.3 

2538.5 

ET 

193 

79.90 

105.1 

2557.9 

ET 

194 

87.21 

86.2 

2531.5 

ET 

195 

82.40 

168.8 

2466.9 

ET 

196 

78.49 

168.8 

2498.7 

ET 

197 

76.98 

140.4 

2528.0 

ET 

198 

85.08 

91.6 

2508.9 

ET 

199 

83.80 

141.6 

2436.7 

ET 

200 

81.34 

201.3 

2425.6 

ET 

201 

77.05 

147.3 

2496.5 

ET 

202 

77.18 

127.0 

2509.5 

ET 

203 

82.02 

109.7 

2467.6 

ET 

204 

79.34 

124.5 

2445 . 3 

ET 

205 

80.82 

119.4 

2435.2 

ET 

206 

84.99 

86.9 

2450 . 7 

ET 

207 

89.44 

81.8 

2408.1 

ET 

208 

88.47 

90.9 

2398.6 

ET 

209 

82.58 

133.1 

2372.5 

ET 

210 

78.96 

151.3 

2377.3 

ET 

211 

77.41 

150.5 

2393.2 

ET 

212 

79.23 

127.3 

2391.3 

ET 

213 

83.59 

103.3 

2373.8 

ET 

214 

84.94 

111.8 

2329.0 

ET 

215 

79.84 

175.7 

2297.5 

ET 

216 

76.86 

172.7 

2324.9 

ET 

217 

75.70 

118.1 

2364.3 

ET 

218 

79.32 

102.2 

2340.8 

ET 

219 

84.34 

95.9 

2296.2 

ET 

220 

83.50 

107.5 

2261.9 

ET 

221 

83.93 

98.9 

2259.4 

ET 

222 

78.15 

134.9 

2266.7 

ET 

223 

78.78 

161.9 

2230.5 

EXHIBIT  1  test 


8.21 

8.05 

12.44 

6.22 

10.51 

11.52 
9.80 

6.13 
8.93 
8.88 

8.84 

14 . 18 

8.01 

10.67 

10.76 
10.56 

7.58 

5.97 

4.14 
4.72 

6.85 
8.77 

10.65 

6.38 

4.30 
9.26 

10.43 

9.08 

4.79 

7.47 

11.30 

9.51 

8.30 
6.22 
7.29 

6.85 
4.50 
3.71 
4.25 

7.18 
8.93 
9.42 

7.67 
5.55 

5.68 
10.04 

10.85 

7.76 
6.09 

4.97 

5.59 
5.08 

8.19 
9.64 
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ET 

224 

83.66 

114.8 

2198.0 

5.88 

ET 

225 

82.54 

122.9 

2195.5 

6.55 

ET 

226 

79.68 

132.4 

2210.7 

7.76 

ET 

227 

81.79 

96.2 

2219.6 

5.35 

ET 

228 

85.68 

86.2 

2188.8 

4.25 

ET 

229 

79.77 

152.6 

2150.0 

8.77 

ET 

.  230 

87.04 

73.6 

2159.9 

3.42 

ET 

231 

86.54 

73.1 

2158.0 

3.47 

ET 

232 

90.10 

67.8 

2142.1 

2.93 

ET 

233 

85.53 

89.0 

2121.1 

4.38 

ET 

234 

85.12 

89.0 

2106.5 

4.43 

ET 

235 

84.78 

95.2 

2088.7 

4.77 

ET 

236 

82.42 

110.2 

2072.5 

5.88 

ET 

237 

87.62 

71.2 

2069.9 

3.22 

ET 

238 

86.02 

88.3 

2042 . 6 

4.21 

ET 

239 

80.53 

159.8 

2012.4 

8.88 

ET 

-240 

79.48 

145.3 

2004.1 

8.19 

QC 

1 

1 

1 

1 

1 

1 

1 

LI 

10 

1 

L2 

10 

5 

10 

.6 

2 

1 

LR 

1 

10000 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

50 

50000 

825 

L7 

10 

2000 

820 

860 

900 

940 

L7 

10 

2000 

840 

880 

920 

960 

L8 

200 

400 

800 

1400 

2000 

3000 

5000 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.10 

100 

-8.00 

PL 

0.10 

100 

-8.00 

PL 

0.05 

100 

-8.00 

PL 

0.20 

100 

-8.00 

PL 

0.20 

100 

-22.60 

-18.80 

-6.55 

-0.77 

PL 

0.25 

100 

3.20 

-0.70 

0.10 

-0.05 

L9 

40 

41 

42 

43 

45 

48 

60 

Cl 

105. 

105. 

105. 

105. 

105. 

105. 

105. 

C2 

.1 

.1 

.1 

.1 

.05 

.02 

.02 

C3 

.05 

.05 

.05 

.05 

.05 

.02 

.02 

C4 

.1 

.1 

.1 

.1 

.2 

.3 

.5 

C5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

C6 

.1 

.1 

.1 

.1 

.1 

.05 

.05 

C7 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

SA 

100 

100 

100 

100 

100 

100 

100 

SB 

10 

10 

10 

10 

10 

10 

10 

SC 

5 

5 

5 

5 

5 

5 

5 

K1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

K2 

K2 

K3 

-1 

-1 

-1 

-1 

DK 

.2 

.1 

1.463 

L2 

40 

2 

60000 

5 

.6 

2 

1 

LR 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

1 

10 

895.5 
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32. 


EXHIBIT  1 


L6 

870 

99300 

962.5 

L7 

7.9 

2840 

895.5 

L7 

7.9 

2840 

902.5 

L8 

410 

460 

PL 

0.25 

100 

PL 

0.05 

100 

PL 

0.10 

100 

PL 

0.10 

100 

PL 

0.05 

100 

PL 

0.20 

100 

PL 

0.20 

100 

-22.60 

PL 

0.25 

100 

3.20 

L9 

54 

55 

Cl 

105. 

105. 

C2 

.1 

.1 

C3 

.05 

.05 

C4 

.1 

.1 

C5 

0.5 

0.5 

C6 

.1 

.1 

C7 

9.1 

9.1 

SA 

100 

100 

SB 

10 

10 

SC 

5 

5 

K1 

-1 

-1 

K2 

K2 

K3 

-1 

-1 

DK 

.2 

CR 

1.047 

1.047 

SI 

10 

1 

S2 

10 

65.5 

20 

S2 

20 

60.0 

30 

S2 

0 

0 

0 

S2 

40 

32 

50 

SR 

10 

20 

1 

SR 

20 

30 

1 

SR 

-40 

50 

1 

S3 

10 

65.5 

844.0 

S3 

65.5 

844.2 

S3 

65.5 

844.6 

S3 

65.5 

845.0 

S3 

65.5 

846.0 

S3 

65.5 

847.0 

S3 

65.5 

848.0 

S3 

65.5 

849.0 

S3 

65.5 

850.0 

S3 

65.5 

851.0 

S3 

65.5 

852.0 

S3 

65.5 

853.0 

S3 

65.5 

854.0 

S3 

65.5 

855.0 

S3 

65.5 

856.0 

S3 

65.5 

857.0 

S3 

65.5 

858.0 

EXHIBIT  1 


909.5 

923.5 

937.5 

916.5 

930.5 

944.5 

500 

550 

600 

-4.00 

-0.20 

-8.00 

-8.00 

-8.00 

-8.00 

-18.80 

-6.55 

-0.77 

-0.70 

0.10 

-0.05 

57 

57 

57 

105. 

105 . 

105. 

.1 

.1 

.05 

.05 

.05 

.05 

.1 

.1 

.2 

0.5 

0.5 

0.5 

.1 

.1 

.1 

9.1 

9.1 

9.1 

100 

100 

100 

10 

10 

10 

5 

5 

5 

-1 

-1 

-1 

26 

34 

.1 

1.463 

1.047 

1.0159 

-1 

8 

20 

60 

1.5 

40 

1.5 

0 

1 

24.2 

1.975 

30 

2 

2 

2 

0. 

0. 

0. 

0. 

.21 

5.0 

4.0 

.35 

20.0 

14.0 

.61 

29.0 

54.0 

1.04 

50.0 

114.0 

1.40 

67.0 

194.0 

1.55 

99.0 

305.0 

1.84 

121.0 

440.0 

2.02 

152.0 

605.0 

2.20 

185.0 

827.0 

2.17 

264.0 

1100.0 

2.52 

279.0 

1384.0 

2.87 

288.0 

1677.0 

3.15 

301.0 

1985.0 

3.40 

316.0 

2308.0 

3.67 

326.0 

2634.0 

3.99 

326.0 

TEST  PROBLEM  4 


650 

700 

750 

57 

57 

57 

105. 

105. 

105. 

.02 

.02 

.02 

.02 

.02 

.02 

.3 

.5 

.5 

0.5 

0.5 

.5 

.05 

.05 

.05 

9.1 

9.1 

1 — I 

Os 

100 

100 

100 

10 

10 

10 

5 

5 

5 

-1 

-1 

32.5 

1 

2 

3 

4 


.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 
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S3 

65 

.5 

859 

.0 

2960 

.0 

4.30 

326.0 

.050 

S3 

65 

.5 

861 

.0 

3612 

.0 

4.88 

326.0 

.050 

S3 

65 

.5 

863 

.0 

4264 

.0 

5.41 

326.0 

.050 

S3 

20 

60 

.0 

825 

.4 

0 

0. 

0. 

.050 

S3 

60 

.0 

825 

.6 

1 

.0 

.22 

9.0 

.050 

S3 

60 

.0 

826 

.0 

10 

.0 

.43 

33.0 

.050 

S3 

60 

.0 

826 

.4 

27 

.0 

.64 

52.0 

.050 

S3 

60 

.0 

827 

.4 

92 

.0 

1.13 

77.0 

.050 

S3 

60 

.0 

828 

.4 

179 

.0 

1.51 

96.0 

.050 

S3 

60 

.0 

829 

.4 

287 

.0 

1.79 

119.0 

.050 

S3 

60 

.0 

830 

.4 

418 

.0 

2.08 

138.0 

.050 

S3 

60 

.0 

831 

.4 

563 

.0 

2.38 

152.0 

.050 

S3 

60 

.0 

832 

.4 

723 

.0 

2.65 

166.0 

.050 

S3 

60 

.0 

833 

.4 

893 

.0 

2.95 

174.0 

.050 

S3 

60 

.0 

834 

.4 

1071 

.0 

3.23 

183.0 

.050 

S3 

60 

.0 

835 

.4 

1258, 

.0 

3.48 

191.0 

.050 

S3 

60 

.0 

836 

.4 

1455, 

.0 

3.64 

207.0 

.050 

S3 

60 

.0 

837, 

.4 

1675, 

.0 

3.68 

234.0 

.050 

S3 

60, 

.0 

838 

.4 

1922, 

.0 

3.83 

253.0 

.050 

S3 

60, 

.0 

839, 

.4 

2175. 

.0 

4.16 

253.0 

.050 

S3 

60. 

.0 

840. 

.4 

2428. 

,0 

4.48 

253.0 

.050 

S3 

60. 

.0 

842. 

.4 

2934. 

,0 

5.08 

253.0 

.050 

S3 

60. 

.0 

844, 

.4 

3440. 

.0 

5.65 

253.0 

.050 

S3 

30 

40, 

,0 

765, 

.0 

0. 

0. 

0. 

.050 

S3 

40, 

,0 

765. 

.2 

1. 

,0 

.22 

9.0 

.050 

S3 

40, 

,0 

765, 

.6 

10, 

,0 

.43 

33.0 

.050 

S3 

40, 

,0 

766. 

,0 

27. 

,0 

.64 

52.0 

.050 

S3 

40, 

,0 

767. 

,0 

92. 

,0 

1.13 

77.0 

.050 

S3 

40, 

,0 

768. 

,0 

179. 

0 

1.51 

96.0 

.050 

S3 

40, 

,0 

769, 

,0 

287. 

,0 

1.79 

119.0 

.050 

S3 

40. 

,0 

770. 

,0 

418. 

0 

2.08 

138.0 

.050 

S3 

40. 

,0 

771. 

,0 

563. 

0 

2.38 

152.0 

.050 

S3 

40. 

,0 

772. 

,0 

723. 

0 

2.65 

166.0 

.050 

S3 

40, 

,0 

773. 

,0 

893. 

0 

2.95 

174.0 

.050 

S3 

40. 

,0 

774. 

,0 

1071. 

0 

3.23 

183.0 

.050 

S3 

40. 

,0 

775. 

,0 

1258. 

0 

3.48 

191.0 

.050 

S3 

40. 

,0 

776. 

,0 

1455. 

0 

3.64 

207.0 

.050 

S3 

40. 

0 

777. 

,0 

1675. 

0 

3.68 

234.0 

.050 

S3 

40. 

0 

778. 

0 

1922. 

0 

3.83 

253.0 

.050 

S3 

40. 

0 

779. 

0 

2175. 

0 

4.16 

253.0 

.050 

S3 

40. 

0 

780. 

0 

2428. 

0 

4.48 

253.0 

.050 

S3 

40. 

0 

782. 

0 

2934. 

0 

5.08 

253.0 

.050 

S3 

40. 

0 

784. 

0 

3440. 

0 

5.65 

253.0 

.050 

S3 

40 

32. 

0 

730. 

6 

0. 

0. 

0. 

.050 

S3 

32. 

0 

730. 

8 

0. 

.21 

2.0 

.050 

S3 

32. 

0 

731. 

2 

2. 

0 

.44 

6.0 

.050 

S3 

32. 

0 

731. 

6 

6. 

0 

.45 

19.0 

.050 

S3 

32. 

0 

732. 

6 

74. 

0 

.84 

96.0 

.050 

S3 

32. 

0 

733. 

6 

177. 

0 

1.37 

109.0 

.050 

S3 

32. 

0 

734. 

6 

291. 

0 

1.80 

120.0 

.050 

S3 

32. 

0 

735. 

6 

421. 

0 

2.12 

135.0 

.050 

S3 

32. 

0 

736. 

6 

565. 

0 

2.44 

147.0 

.050 

S3 

32. 

0 

737. 

6 

715. 

0 

2.74 

155.0 

.050 

S3 

32. 

0 

738. 

6 

878. 

0 

2.99 

168.0 

.050 
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EXHIBIT  1 


S3 

32.0 

739.6 

1050.0 

3.26 

176.0 

.050 

S3 

32.0 

740.6 

1230.0 

3.51 

184.0 

.050 

S3 

32.0 

741.6 

1418.0 

3.74 

193.0 

.050 

S3 

32.0 

742.6 

1618.0 

3.83 

212.0 

.050 

S3 

32.0 

743.6 

1844.0 

3.86 

239.0 

.050 

S3 

32.0 

744.6 

2094.0 

4.05 

253.0 

.050 

S3 

32.0 

745.6 

2347.0 

4.37 

253.0 

.050 

S3 

32.0 

747.6 

2853.0 

4.98 

253.0 

.050 

S3 

32.0 

749.6 

3359.0 

5.55 

253.0 

.050 

S3 

50 

30.4 

722.9 

0. 

0. 

0. 

.030 

S3 

30.4 

723.1 

2.0 

.22 

15.0 

.030 

S3 

30.4 

723.5 

14.0 

.45 

45.0 

.030 

S3 

30.4 

723.9 

37.0 

.64 

74.0 

.030 

S3 

30.4 

724.9 

130.0 

1.12 

111.0 

.030 

S3 

30.4 

725.9 

271.0 

1.43 

167.0 

.030 

S3 

30.4 

726.9 

462.0 

1.72 

218.0 

.030 

S3 

30.4 

727.9 

701.0 

2.04 

257.0 

.030 

S3 

30.4 

728.9 

978.0 

2.34 

287.0 

.030 

S3 

30.4 

729.9 

1275.0 

2.59 

310.0 

.030 

S3 

30.4 

730.9 

1599.0 

2.79 

337.0 

.030 

S3 

30.4 

731.9 

1964.0 

2.71 

418.0 

.030 

S3 

30.4 

732.9 

2394.0 

2.98 

444.0 

.030 

S3 

30.4 

733.9 

2851.0 

3.24 

469.0 

.030 

S3 

30.4 

734.9 

3342.0 

3.39 

518.0 

.030 

S3 

30.4 

735.9 

3887.0 

3.54 

571.0 

.030 

S3 

30.4 

736.9 

4482.0 

3.74 

610.0 

.030 

S3 

30.4 

737.9 

5100.0 

4.01 

627.0 

.030 

S3 

30.4 

739.9 

6390.0 

4.49 

662.0 

.030 

S3 

30.4 

741.9 

7745.0 

4.96 

692.0 

.030 

S3 

50 

28.4 

725.3 

0. 

0. 

0. 

.030 

S3 

28.4 

725.5 

4.0 

.23 

30.0 

.030 

S3 

28.4 

725.9 

22.0 

.48 

59.0 

.030 

S3 

28.4 

726.3 

51.0 

.67 

90.0 

.030 

S3 

28.4 

727.3 

167.0 

1.13 

139.0 

.030 

S3 

28.4 

728.3 

375.0 

1.37 

249.0 

.030 

S3 

28.4 

729.3 

644.0 

1.75 

289.0 

.030 

S3 

28.4 

730.3 

946.0 

2.13 

313.0 

.030 

S3 

28.4 

731.3 

1271.0 

2.46 

336.0 

.030 

S3 

28.4 

732.3 

1617.0 

2.76 

357.0 

.030 

S3 

28.4 

733.3 

1985.0 

3.03 

379.0 

.030 

S3 

28.4 

734.3 

2387.0 

3.20 

428.0 

.030 

S3 

28.4 

735.3 

2831.0 

3.41 

463.0 

.030 

S3 

28.4 

736.3 

3311.0 

3.55 

497.0 

.030 

S3 

28.4 

737.3 

3824.0 

3.73 

527.0 

.030 

S3 

28.4 

738.3 

4370.0 

3.86 

575.0 

.030 

S3 

28.4 

739.3 

4985.0 

3.99 

634.0 

.030 

S3 

28.4 

740.3 

5632.0 

4.20 

659.0 

.030 

S3 

28.4 

742.3 

7002.0 

4.58 

709.0 

.030 

S3 

28.4 

744.3 

8458.0 

5.02 

742.0 

.030 

S3 

50 

26.3 

722.7 

0. 

0. 

0. 

.030 

S3 

26.3 

722.8 

1.0 

.22 

9.0 

.030 

S3 

26.3 

723.2 

8.0 

.45 

26.0 

.030 

S3 

26.3 

723.7 

22.0 

.62 

45.0 

.030 

S3 

26.3 

724.7 

92.0 

1.00 

94.0 

.030 
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S3 

26.3 

725.7 

219.0 

1.22 

167.0 

.030 

S3 

26.3 

726.7 

436.0 

1.38 

265.0 

.030 

S3 

26.3 

727.7 

751.0 

1.58 

365.0 

.030 

S3 

26.3 

728.7 

1158.0 

1.86 

441.0 

.030 

S3 

26.3 

729.7 

1628.0 

2.17 

496.0 

.030 

S3 

26.3 

730.7 

2254.0 

2.19 

729.0 

.030 

S3 

26.3 

731.7 

3038.0 

2.44 

809.0 

.030 

S3 

26.3 

732.7 

3867.0 

2.74 

858.0 

.030 

S3 

26.3 

733.7 

4756.0 

3.00 

913.0 

.030 

S3 

26.3 

734.7 

5699.0 

3.23 

981.0 

.030 

S3 

26.3 

735.7 

6697.0 

3.45 

1022.0 

.030 

S3 

26.3 

736.7 

7750.0 

3.68 

1067.0 

.030 

S3 

26.3 

737.7 

8825.0 

3.97 

1083.0 

.030 

S3 

26.3 

739.7 

11032.0 

4.51 

1117.0 

.030 

S3 

26.3 

741.7 

13278.0 

5.08 

1129.0 

.030 

S3 

50 

24.2 

721.6 

0. 

0. 

0. 

.030 

S3 

24.2 

721.8 

6.0 

.22 

56.0 

.030 

S3 

24.2 

722.2 

50.0 

.47 

150.0 

.030 

S3 

24.2 

722.6 

118.0 

.69 

190.0 

.030 

S3 

24.2 

723.6 

354.0 

1.13 

270.0 

.030 

S3 

24.2 

724.6 

656.0 

1.41 

358.0 

.030 

S3 

24.2 

725.6 

1079.0 

1.60 

484.0 

.030 

S3 

24.2 

726.6 

1606.0 

1.88 

568.0 

.030 

S3 

24.2 

727.6 

2215.0 

2.16 

648.0 

.030 

S3 

24.2 

728.6 

2903.0 

2.41 

730.0 

.030 

S3 

24.2 

729.6 

3687.0 

2.62 

834.0 

.030 

S3 

24.2 

730.6 

4563.0 

2.87 

914.0 

.030 

S3 

24.2 

731.6 

5511.0 

3.10 

994.0 

.030 

S3 

24.2 

732.6 

6555.0 

3.32 

1081.0 

.030 

S3 

24.2 

733.6 

7684.0 

3.50 

1191.0 

.030 

S3 

24.2 

734.6 

8885.0 

3.80 

1211.0 

.030 

S3 

24.2 

735.6 

10105.0 

4.09 

1229.0 

.030 

S3 

24.2 

736.6 

11341.0 

4.38 

1242.0 

.030 

S3 

24.2 

738.6 

13849.0 

4.93 

1266.0 

.030 

S3 

24.2 

740.6 

16405.0 

5.45 

1289.0 

.030 

S4 

854 

835 

775 

743 

742 

741 

S4 

739.5 

KR 

0.10 

.2 

1.463 

KR 

0.15 

.2 

1.463 

KR 

0.25 

.2 

1.463 

CT 

10 

740101 

40. 

3. 

0. 

CT 

740318 

45. 

3. 

0. 

CT 

740723 

50. 

3. 

0. 

CT 

741017 

45. 

3. 

0. 

CT 

741206 

40. 

3. 

0. 

CT 

-741231 

40. 

3. 

0. 

CT 

740101 

150. 

1. 

0. 

CT 

-741231 

150. 

1. 

0. 

CT 

740101 

.01 

1. 

0. 

CT 

-741231 

.01 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

0.1 

1. 

0. 
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CT 

-741231 

0.1 

1. 

0. 

CT 

740101 

.10 

1. 

0. 

CT 

-741231 

.10 

1. 

0. 

CT 

740101 

5. 

0. 

30. 

CT 

-741231 

5. 

0. 

30. 

CT 

20  740101 

45 

4 

0 

CT 

740318 

50 

4 

0 

CT 

740723 

55 

4 

0 

CT 

741017 

50 

4 

0 

CT 

741206 

45 

4 

0 

CT 

-741231 

42 

4 

0 

CT 

740101 

160 

.8 

0 

CT 

-741231 

160 

.8 

0 

CT 

740101 

.01 

1. 

0. 

CT 

-741231 

.01 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

.05 

.15 

0 

CT 

-741231 

.05 

.15 

0 

CT 

740101 

.10 

1. 

0. 

CT 

-741231 

.10 

1. 

0. 

CT 

740101 

4 

0 

50 

CT 

-741231 

4 

0 

50 

CT 

30  740101 

45. 

3. 

0. 

CT 

740510 

50. 

3. 

0. 

CT 

740531 

60. 

3. 

0. 

CT 

741001 

55. 

3. 

0. 

CT 

-741231 

45. 

3. 

0. 

CT 

740101 

160. 

1. 

0. 

CT 

-741231 

160. 

1. 

0. 

CT 

740101 

.01 

1. 

0. 

CT 

-741231 

.01 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

.15 

4. 

0. 

CT 

-741231 

.15 

4. 

0. 

CT 

740101 

.10 

1. 

0. 

CT 

-741231 

.10 

1. 

0. 

CT 

740101 

4.5 

4. 

0. 

CT 

-741231 

4.5 

4. 

0. 

CT 

40  740101 

45. 

3. 

0. 

CT 

740504 

50. 

3. 

0. 

CT 

740514 

55. 

3. 

0. 

CT 

740515 

60. 

3. 

0. 

CT 

741005 

55. 

3. 

0. 

CT 

741109 

50. 

3. 

0. 

CT 

741214 

45. 

3. 

0. 

CT 

-741231 

45. 

3. 

0. 

CT 

740101 

170. 

1. 

0. 

CT 

-741231 

170. 

1. 

0. 
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CT 

740101 

.01 

1. 

0. 

CT 

-741231 

.01 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

0.2 

1. 

0. 

CT 

-741231 

0.2 

1. 

0. 

CT 

740101 

.10 

1. 

0. 

CT 

-741231 

.10 

1. 

0. 

CT 

740101 

5.5 

0. 

30. 

CT 

-741231 

5.5 

0. 

30. 

CT 

50  740101 

50. 

3. 

0. 

CT 

740506 

55. 

3. 

0. 

CT 

740510 

60, 

3. 

0. 

CT 

740515 

65. 

3. 

0. 

CT 

740708 

70. 

3. 

0. 

CT 

740924 

65. 

3. 

0. 

CT 

741018 

60. 

3. 

0. 

CT 

741112 

55. 

3. 

0. 

CT 

741206 

50. 

3. 

0. 

CT 

-741231 

50. 

3. 

0. 

CT 

740101 

190. 

1. 

0. 

CT 

-741231 

190. 

1. 

0. 

CT 

740101 

.01 

1. 

0. 

CT 

-741231 

.01 

1. 

0. 

CT 

740101 

.001 

1. 

0. 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

.001 

1. 

0, 

CT 

-741231 

.001 

1. 

0. 

CT 

740101 

0.3 

1. 

0. 

CT 

-741231 

0.3 

1. 

0. 

CT 

740101 

.10 

1. 

0. 

CT 

-741231 

.10 

1. 

0. 

CT 

740101 

6.0 

0. 

30. 

CT 

-741231 

6.0 

0. 

30. 

11 

740101 

741231 

12 

0 

TRIB  1  INFLOW  RATE  - 

RES 

14 

740101 

-1 

741231 

-1. 

-1 

12 

1 

0 

HAYES  INFLOW. .  TEMP 

14 

740101 

-1.5 

740408 

-1.5  740422 

14 

740826 

-5. 

741231 

-1.5 

-1 

12 

0 

HAYES  INFLOW  -  TDS 

14 

740101 

105. 

741231 

105. 

-1 

12 

0 

TYPICAL 

N03  -  N 

14 

740101 

.10 

741231 

.10 

-1 

12 

0 

TYPICAL 

P04  -  P 

14 

740101 

.03 

741231 

.03 

-1 

12 

0 

TYPICAL 

PHYTOPLANKTON 

14 

740101 

.25 

741231 

.25 

-1 

12 

0 

HAYES  INFLOW  -  CBOD 

14 

740101 

0.5 

41231 

0.5 

-1 

12 

0 

TYPICAL  NH3  -  N 

14 

740101 

.03 

741231 

.03 

-1 
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12 

0 

HAYES  INFLOW  -  DO 

14 

740101 

12.8 

740115  13.1  740215 

12.4 

740315 

11.8 

14 

740415 

11.7 

740515  9.3  740615 

8.9 

740715 

8.2 

14 

740815 

7.8 

740915  9.7  741015 

10.0 

741115 

11.0 

14 

741215 

12.4 

741231  12.8  -1 

12 

0 

TRIB  2  INFLOW  RATE  -  RM 

60 

14 

740101 

-1 

741231  -1.  -1 

12 

1 

0 

TRIB  2  -  RM  60..  TEMP 

14 

740101 

-1.5 

740408  -1.5  740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231  -1.5  -1 

12 

0 

TRIB  2  -  RM  60  -  TDS 

14 

740101 

150. 

741231  150.  -1 

12 

0 

TYPICAL  N03  -  N 

14 

740101 

.10 

741231  .10  -1 

12 

0 

TYPICAL  P04  -  P 

14 

740101 

.03 

741231  .03  -1 

12 

0 

TYPICAL  PHYTOPLANKTON 

14 

740101 

.25 

741231  .25  -1 

12 

0 

TRIB  2  -  RM  60  -  CBOD 

14 

740101 

0.5 

741231  0.5  -1 

12 

0 

TYPICAL  NH3  -  N 

14 

740101 

.03 

741231  .03  -1 

12 

0 

TRIB  2  -  RM  60  -  DO 

14 

740101 

12.6 

740115  12.7  740215 

13.0 

740315 

12.6 

14 

740415 

11.5 

740515  9.1  740615 

8.6 

740715 

7.7 

14 

740815 

7.7 

740915  9.0  741015 

9.7 

741115 

11.1 

14 

741215 

12.6 

741231  12.6  -1 

12 

0 

TRIB  3  INFLOW  RATE  -  RM 

40 

14 

740101 

-1 

741231  -1.  -1 

12 

1 

0 

TRIB  3  -  RM  40. .  TEMP 

14 

740101 

-1.5 

740408  -1.5  740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231  -1.5  -1 

12 

0 

TRIB  3  -  RM  40  -  TDS 

14 

740101 

150. 

741231  150.  -1 

12 

0 

TYPICAL  N03  -  N 

14 

740101 

.10 

741231  .10  -1 

12 

0 

TYPICAL  P04  -  P 

14 

740101 

.03 

741231  .03  -1 

12 

0 

TYPICAL  PHYTOPLANKTON 

14 

740101 

.25 

741231  .25  -1 

12 

0 

TRIB  3  -  RM  40  -  CBOD 

14 

740101 

0.5 

741231  0.5  -1 

12 

0 

TYPICAL  NH3  -  N 

14 

740101 

.03 

741231  .03  -1 

12 

0 

TRIB  3  -  RM  40  -  DO 

14 

740101 

12.6 

740115  12.7  740215 

13.0 

740315 

12.6 

14 

740415 

11.5 

740515  9.1  740615 

8.6 

740715 

7.7 

14 

740815 

7.7 

740915  9.0  741015 

9.7 

741115 

11.1 

14 

741215 

12.6 

741231  12.6  -1 

12 

0 

TRIB  4  INFLOW  RATE  -  RM 

30 

14 

740101 

-1 

741231  -1.  -1 

12 

1 

OTRIB  4  -  RM  30..  TEMP 

14 

740101 

-1.5 

740408  -1.5  740422 

-3.0 

740708 

-6. 

14 

740826 

-5. 

741231  -1.5  -1 
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12 

0 

14 

740101 

160. 

12 

0 

14 

740101 

.10 

12 

0 

14 

740101 

.03 

12 

0 

14 

740101 

.25 

12 

0 

14 

740101 

0.6 

12 

0 

14 

740101 

.03 

12 

-1 

0 

14 

ER 

740101 

100. 

TRIB  4  -  RM  30  -  TDS 


741231 

160. 

-1 

TYPICAL 

N03  -  N 

741231 

.10 

-1 

TYPICAL 

P04  -  P 

741231 

.03 

-1 

TYPICAL 

PHYTOPLANKTON 

741231 

.25 

-1 

TRIB  4  - 

RM  30  - 

CBOD 

741231 

0.6 

-1 

TYPICAL  NH3  -  N 

741231 

.03 

-1 

TRIB  4  - 

RM  30  - 

DO 

741231 

100. 

-1 
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TEST  PROBLEM  5  -  Tandem  Reservoirs  with  Steady  State  Option 

The  system  simulated  in  this  test  of  the  water  quality  module  consists  of 
the  same  reservoir  and  stream  configuration  as  Test  Problem  2.  The  unique  input 
to  this  test  problem,  includes  selecting  the  steady  state  option  (J9  card,  Field 
3) ,  and  specifying  the  time  series  (IN  cards)  and  reservoir  releases  (QA  cards) 
on  a  monthly  basis  (BF  card.  Fields  2  and  6  =  5's  and  Field  7  =  720  hours). 

A  complete  listing  of  the  input  data  deck  is  given  below.  A  complete  output 
listing  is  included  with  the  computer  source  code  distribution. 
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T1  TESTING  HEC5Q  WATER  QUALITY  SIMULATION  CAPABILITY 
T2  TANDEM  RIVER  SYSTEM. .. STEADY  STATE  CONDITIONS 


T3 

TEST  PROBLEM 

5 

J1 

0 

5 

5 

3 

4 

2 

0 

0 

J2 

0 

0 

0 

0 

0 

0 

0 

J9 

1 

0 

RL 

10 

1200000 

0 

100000 

200000 

1500000 

1600000 

RO 

3 

20 

30 

40 

RS 

7 

100 

6300 

31300 

88000 

188000 

563000 

1688000 

RQ 

7 

0 

20000 

30000 

40000 

50000 

50000 

50000 

RA 

7 

10 

500 

1500 

3000 

5000 

10000 

20000 

RE 

7 

800 

825 

850 

870 

900 

950 

1030 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

10 

15000 

300 

200 

IDCPIO -HAYES  DAM 

RT 

10 

20 

2.2 

.25 

12 

0 

CP 

20 

12000 

300 

200 

ID 

CP20 

**  RM60 

RT 

20 

30 

2.2 

.25 

12 

0 

CP 

30 

12000 

300 

200 

ID 

CP30 

**  RM40 

RT 

30 

40 

2.2 

.25 

12 

0 

RL 

40 

550000 

0 

2000 

550000 

952000 

1130000 

RO 

1 

50 

RS 

8 

2000 

20000 

52000 

113000 

209000 

320000 

550000 

800000 

1130000 

RQ 

8 

0 

5680 

5680 

5680 

5680 

5680 

29180 

59680 

104980 

RA 

8 

150 

2100 

4500 

7600 

11800 

17000 

22400 

28600 

37200 

RE 

8 

892 

910 

920 

930 

940 

950 

962.5 

970 

980 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

40 

10000 

300 

200 

IDCP40- DAVIS  DAM 

RT 

40 

50 

2.2 

.25 

12 

0 

CP 

50 

50000 

300 

200 

IDCP50  ** 

RM24.2 

RT 

50 

0 

0 

0 

0 

0 

ED 

BF 

0 

5 

0 

074050100 

5 

720 

NOLIST 

IN 

10 

1MAY74 

2524 

2426 

2099 

759 

3154 

IN 

20 

1MAY74 

913 

716 

642 

170 

1203 

IN 

30 

1MAY74 

913 

716 

642 

167 

1203 

IN 

50 

1MAY74 

4641 

1361 

2134 

726 

2991 

QA 

10 

1MAY74 

2380 

2347 

2128 

673 

2898 

EJ 

TI  FICTICIOUS  TANDEM  RIVER  BASIN  TEST  OF  HEC-5Q  WITH  WATER  QUALITY 

TI  RESERVOIRS  ARE  FICTICIOUS  ALSO  **  C.P.  OF  10,  20,  30,  40  AND  50 

TI  CONSTITUENTS  ARE  TEMPERATURE,  TDS,  CARBONACEOUS  BOD  AND  OXYGEN 

JA  740501  740828  5  2  F  0 

EZ  -1 
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ET 

121 

64.06 

138.8 

2385.6 

12.35 

ET 

122 

62.44 

111.4 

2409 . 1 

10.31 

ET 

123 

65.44 

126.3 

2385.9 

10.60 

ET 

124 

60.66 

107.7 

2456.1 

10.34 

ET 

125 

63.36 

102.6 

2457.1 

9.35 

ET 

126 

57.60 

124.1 

2466.3 

12.60 

ET 

127 

58.75 

89.7 

2507.6 

8.88 

ET 

128 

66.16 

90.8 

2484.1 

7.72 

ET 

129 

66.36 

138.3 

2446.0 

11.48 

ET 

130 

67.68 

96.1 

2494.6 

7.85 

ET 

131 

70.23 

130.1 

2473 . 9 

10.09 

ET 

132 

66.18 

147.4 

2470 . 1 

12.21 

ET 

133 

62.56 

144.1 

2518.4 

13.40 

ET 

134 

72.00 

149.0 

2492.1 

11.23 

ET 

135 

71.49 

175.2 

2472 . 3 

13.02 

ET 

136 

74.91 

133.5 

2480.6 

9.06 

ET 

137 

78.21 

176.4 

2413.2 

10.65 

ET 

138 

75.06 

127.7 

2486.3 

8.59 

ET 

139 

72.84 

131.9 

2525.7 

9.60 

ET 

140 

73.33 

118.8 

2544.2 

8.55 

ET 

141 

81.63 

95.9 

2508.9 

5.46 

ET 

142 

77.95 

142.0 

2476.5 

8.68 

ET 

143 

73.94 

148.7 

2521.6 

10.31 

ET 

144 

68.99 

151.9 

2563.9 

12.01 

ET 

145 

67.24 

99.2 

2614.1 

8.21 

ET 

146 

69.55 

97.3 

2617.0 

7.72 

ET 

147 

64.69 

119.9 

2640.5 

10.76 

ET 

148 

71.17 

97,5 

2626.2 

7.47 

ET 

149 

73.54 

145.0 

2558.2 

10.02 

ET 

150 

80.04 

107.4 

2543.5 

6.31 

ET 

151 

77.13 

137.9 

2528.9 

8.64 

ET 

152 

70.47 

132.4 

2598.9 

10.09 

ET 

153 

72.09 

120.6 

2629.7 

9.06 

ET 

154 

78.21 

86.5 

2621.4 

5.50 

ET 

155 

79.57 

99.9 

2598.9 

6.09 

ET 

156 

76.06 

133.5 

2597.6 

8.93 

ET 

157 

77.65 

133.5 

2579.1 

8.50 

ET 

158 

75.63 

175.0 

2568.3 

11.63 

ET 

159 

78.80 

137.6 

2562.9 

8.34 

ET 

160 

82.00 

138.6 

2539.4 

7.67 

ET 

161 

77.77 

212.1 

2535.9 

13.02 

ET 

162 

69.73 

170.9 

2626.5 

13.27 

ET 

163 

71.67 

119.4 

2644.6 

8.88 

ET 

164 

73.76 

105.8 

2658.3 

7.56 

ET 

165 

79.68 

93.8 

2632.5 

5.75 

ET 

166 

72.72 

153.5 

2601.4 

10.85 

ET 

167 

71.62 

145.3 

2627.1 

10.72 

ET 

168 

71.26 

110.0 

2663.7 

8.34 

ET 

169 

73.63 

124.3 

2646.5 

8.88 

ET 

170 

77.79 

129.1 

2600.1 

8.21 

ET 

171 

82.04 

144.8 

2542 . 0 

8.05 

ET 

172 

77.67 

199.4 

2553.1 

12.44 

ET 

173 

81.25 

107.0 

2592.8 

6.22 

ET 

174 

72.32 

143.9 

2625.9 

10.51 
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ET 

175 

71.35 

151.0 

2647.8 

11.52 

ET 

176 

71.62 

129.3 

2649.1 

9.80 

ET 

177 

77.68 

.96.6 

2622.1 

6.13 

ET 

178 

75.09 

129.3 

2628.7 

8.93 

ET 

179 

74.39 

127.5 

2615.1 

8.88 

ET 

180 

74.98 

130.1 

2601.1 

8.84 

ET 

181 

74.88 

210.0 

2568.0 

14.18 

ET 

182 

80.55 

135.6 

2566.8 

8.01 

ET 

183 

80.89 

185.1 

2524.8 

10.67 

ET 

184 

83.64 

204.0 

2486.3 

10.76 

ET 

185 

83.70 

200.2 

2483.8 

10.56 

ET 

186 

82.60 

140.0 

2503.8 

7.58 

ET 

187 

83.17 

106.5 

2566.4 

5.97 

ET 

188 

89.10 

87.1 

2546.7 

4.14 

ET 

189 

89.42 

102.4 

2502.9 

4.72 

ET 

190 

86.77 

141.1 

2467.9 

6.85 

ET 

191 

82.85 

165.3 

2461.5 

8.77 

ET 

192 

77.04 

165.3 

2538.5 

10.65 

ET 

193 

79.90 

105.1 

2557.9 

6.38 

ET 

194 

87.21 

86.2 

2531.5 

4.30 

ET 

195 

82.40 

168.8 

2466.9 

9.26 

ET 

196 

78.49 

168.8 

2498.7 

10.43 

ET 

197 

76.98 

140.4 

2528.0 

9.08 

ET 

198 

85.08 

91.6 

2508.9 

4.79 

ET 

199 

83.80 

141.6 

2436.7 

7.47 

ET 

200 

81.34 

201.3 

2425.6 

11.30 

ET 

201 

77.05 

147.3 

2496.5 

9.51 

ET 

202 

77.18 

127.0 

2509.5 

8.30 

ET 

203 

82.02 

109.7 

2467.6 

6.22 

ET 

204 

79.34 

124.5 

2445.3 

7.29 

ET 

205 

80.82 

119.4 

2435.2 

6.85 

ET 

206 

84.99 

86.9 

2450.7 

4.50 

ET 

207 

89.44 

81.8 

2408 . 1 

3.71 

ET 

208 

88.47 

90.9 

2398.6 

4.25 

ET 

209 

82.58 

133.1 

2372.5 

7.18 

ET 

210 

78.96 

151.3 

2377.3 

8.93 

ET 

211 

77.41 

150.5 

2393.2 

9.42 

ET 

212 

79.23 

127.3 

2391.3 

7.67 

ET 

213 

83.59 

103.3 

2373.8 

5.55 

ET 

214 

84.94 

111.8 

2329.0 

5.68 

ET 

215 

79.84 

175.7 

2297.5 

10.04 

ET 

216 

76.86 

172.7 

2324.9 

10.85 

ET 

217 

75.70 

118.1 

2364.3 

7.76 

ET 

218 

79.32 

102.2 

2340.8 

6.09 

ET 

219 

84.34 

95.9 

2296.2 

4.97 

ET 

220 

83.50 

107.5 

2261.9 

5.59 

ET 

221 

83.93 

98.9 

2259.4 

5.08 

ET 

222 

78.15 

134.9 

2266.7 

8.19 

ET 

223 

78.78 

161.9 

2230.5 

9.64 

ET 

224 

83.66 

114.8 

2198.0 

5.88 

ET 

225 

82.54 

122.9 

2195.5 

6.55 

ET 

226 

79.68 

132.4 

2210.7 

7.76 

ET 

227 

81.79 

96.2 

2219.6 

5.35 

ET 

228 

85.68 

86.2 

2188.8 

4.25 
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ET 

229 

79.77 

152.6 

2150 . 0 

8.77 

ET 

230 

87.04 

73.6 

2159.9 

3.42 

ET 

231 

86.54 

73.1 

2158.0 

3.47 

ET 

232 

90.10 

67.8 

2142 . 1 

2.93 

ET 

233 

85.53 

89.0 

2121.1 

4.38 

ET 

234 

85.12 

89.0 

2106.5 

4.43 

ET 

235 

84.78 

95.2 

2088.7 

4.77 

ET 

236 

82.42 

110.2 

2072.5 

5.88 

ET 

237 

87.62 

71.2 

2069.9 

3.22 

ET 

238 

86.02 

88.3 

2042.6 

4.21 

ET 

239 

80.53 

159.8 

2012.4 

8.88 

ET 

240 

79.48 

145.3 

2004.1 

8.19 

ET 

241 

79.11 

149.2 

1979.7 

8.48 

ET 

242 

80.02 

122.7 

1985.4 

6.89 

ET 

-243 

77.29 

150.1 

1973.6 

9.06 

QC 

1 

0 

0 

0 

1 

0 

1 

TQTOTAL  DISSOLVED 

SOLIDS  IN  MG/L, 

COMPUTED 

AS  0.62 

X  CONDUCTIVITY 

TQCARBONACEOUS  BOD 

IN  MG/L 

TQDISSOLVED  OXYGEN 

IN  MG/L 

LI 

1 

1 

L2 

10 

5 

10 

.6 

2 

1 

LR 

1 

10000 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

50 

50000 

825 

L7 

10 

2000 

820 

860 

900 

940 

L7 

10 

2000 

840 

880 

920 

960 

L8 

200 

400 

800 

1400 

2000 

3000 

5000 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

40 

41 

42 

43 

45 

48 

60 

Cl 

105. 

105. 

105. 

105. 

105. 

105. 

105. 

C5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

C7 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

SA 

100 

100 

100 

100 

100 

100 

100 

DK 

0.1 

1.463 

L2 

40 

2 

60000 

5 

.6 

2 

1 

LR 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

1 

10 

895.5 

L6 

870 

99300 

962.5 

L7 

7.9 

2840 

895.5 

909.5 

923.5 

937.5 

L7 

7.9 

2840 

902.5 

916.5 

930.5 

944.5 

L8 

410 

460 

500 

550 

600 

650 

700 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

54 

55 

57 

57 

57 

57 

57 

Cl 

160 

190 

190 

190 

190 

190 

190 

C5 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

C7 

8.4 

8.7 

9.2 

9.2 

9.2 

9.2 

9.2 

SA 

100 

100 

100 

100 

100 

100 

100 

750 


57 

190 

.3 

9.2 
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DK 

.2 

1.463 

CR 

1.047 

1.047 

1.047 

1.0159 

SI 

1 

1 

-1 

8 

20 

1 

S2 

10 

65.5 

20 

60 

1.5 

S2 

20 

60.0 

30 

40 

1.5 

S2 

0 

0 

0 

0 

S2 

40 

32 

50 

24.2 

1.975 

30 

4 

SR 

10 

20 

1 

2 

SR 

20 

30 

1 

2 

SR 

-40 

50 

1 

2 

S3 

10 

65.5 

844.0 

0. 

0. 

0. 

.050 

S3 

65.5 

844.2 

0. 

.21 

5.0 

.050 

S3 

65.5 

844.6 

4.0 

.35 

20.0 

.050 

S3 

65.5 

845.0 

14.0 

.61 

29.0 

.050 

S3 

65.5 

846.0 

54.0 

1.04 

50.0 

.050 

S3 

65.5 

847.0 

114.0 

1.40 

67.0 

.050 

S3 

65.5 

848.0 

194.0 

1.55 

99.0 

.050 

S3 

65.5 

849.0 

305.0 

1.84 

121.0 

.050 

S3 

65.5 

850.0 

440.0 

2.02 

152.0 

.050 

S3 

65.5 

851.0 

605.0 

2.20 

185.0 

.050 

S3 

65.5 

852.0 

827.0 

2.17 

264.0 

.050 

S3 

65.5 

853.0 

1100.0 

2.52 

279.0 

.050 

S3 

65.5 

854.0 

1384.0 

2.87 

288.0 

.050 

S3 

65.5 

855.0 

1677.0 

3.15 

301.0 

.050 

S3 

65.5 

856.0 

1985.0 

3.40 

316.0 

.050 

S3 

65.5 

857.0 

2308.0 

3.67 

326.0 

.050 

S3 

65.5 

858.0 

2634.0 

3.99 

326.0 

.050 

S3 

65.5 

859.0 

2960.0 

4.30 

326.0 

.050 

S3 

65.5 

861.0 

3612.0 

4.88 

326.0 

.050 

S3 

65.5 

863.0 

4264.0 

5.41 

326.0 

.050 

S3 

20 

60.0 

825.4 

0. 

0. 

0. 

.050 

S3 

60.0 

825.6 

1.0 

.22 

9.0 

.050 

S3 

60.0 

826.0 

10.0 

.43 

33.0 

.050 

S3 

60.0 

826.4 

27.0 

.64 

52.0 

.050 

S3 

60.0 

827.4 

92.0 

1.13 

77.0 

.050 

S3 

60.0 

828.4 

179.0 

1.51 

96.0 

.050 

S3 

60.0 

829.4 

287.0 

1.79 

119.0 

.050 

S3 

60.0 

830.4 

418.0 

2.08 

138.0 

.050 

S3 

60.0 

831.4 

563.0 

2.38 

152.0 

.050 

S3 

60.0 

832.4 

723.0 

2.65 

166.0 

.050 

S3 

60.0 

833.4 

893.0 

2.95 

174.0 

.050 

S3 

60.0 

834.4 

1071.0 

3.23 

183.0 

.050 

S3 

60.0 

835.4 

1258.0 

3.48 

191.0 

.050 

S3 

60.0 

836.4 

1455.0 

3.64 

207.0 

.050 

S3 

60.0 

837.4 

1675.0 

3.68 

234.0 

.050 

S3 

60.0 

838.4 

1922.0 

3.83 

253.0 

.050 

S3 

60.0 

839.4 

2175.0 

4.16 

253.0 

.050 

S3 

60.0 

840.4 

2428.0 

4.48 

253.0 

.050 

S3 

60.0 

842.4 

2934.0 

5.08 

253.0 

.050 

S3 

60.0 

844.4 

3440.0 

5.65 

253.0 

.050 

S3 

30 

40.0 

765.0 

0. 

0. 

0. 

.050 

S3 

40.0 

765.2 

1.0 

.22 

9.0 

.050 

S3 

40.0 

765.6 

10.0 

.43 

33.0 

.050 

S3 

40.0 

766.0 

27.0 

.64 

52.0 

.050 
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S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3  40 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3  50 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 


40 

.0 

767 

.0 

92 

.0 

1.13 

77 

.0 

.050 

40 

.0 

768 

.0 

179 

.0 

1.51 

96 

.0 

.050 

40 

.0 

769 

.0 

287 

.0 

1.79 

119 

.0 

.050 

40 

.0 

770 

.0 

418 

.0 

2.08 

138 

.0 

.050 

40 

.0 

771 

.0 

563 

.0 

2.38 

152 

.0 

.050 

40 

.0 

772 

.0 

723 

.0 

2.65 

166 

.0 

.050 

40 

.0 

773 

.0 

893 

.0 

2.95 

174 

.0 

.050 

40 

.0 

774 

.0 

1071 

.0 

3.23 

183 

.0 

.050 

40 

.0 

775 

.0 

1258 

.0 

3.48 

191 

.0 

.050 

40 

.0 

776 

.0 

1455 

.0 

3.64 

207 

.0 

.050 

40 

.0 

111 

.0 

1675 

.0 

3.68 

234 

.0 

.050 

40 

.0 

778 

.0 

1922 

.0 

3.83 

253 

.0 

.050 

40 

.0 

779 

.0 

2175 

.0 

4.16 

253 

.0 

.050 

40 

.0 

780 

.0 

2428 

.0 

4.48 

253 

.0 

.050 

40 

.0 

782 

.0 

2934 

.0 

5.08 

253 

.0 

.050 

40 

.0 

784 

.0 

3440 

.0 

5.65 

253 

.0 

.050 

32 

.0 

730 

.6 

0 

0. 

0 

.050 

32 

.0 

730 

.8 

0 

* 

.21 

2 

.0 

.050 

32 

.0 

731 

.2 

2 

.0 

.44 

6 

.0 

.050 

32 

.0 

731 

.6 

6 

.0 

.45 

19 

.0 

.050 

32 

.0 

732 

.6 

74 

.0 

.84 

96 

.0 

.050 

32 

.0 

733 

.6 

177 

.0 

1.37 

109 

.0 

.050 

32 

.0 

734 

.6 

291 

.0 

1.80 

120 

.0 

.050 

32 

.0 

735 

.6 

421 

.0 

2.12 

135 

.0 

.050 

32 

.0 

736 

.6 

565 

.0 

2.44 

147 

.0 

.050 

32 

.0 

737 

.6 

715 

.0 

2.74 

155 

.0 

.050 

32 

.0 

738 

.6 

878 

.0 

2.99 

168 

.0 

.050 

32 

.0 

739 

.6 

1050 

.0 

3.26 

176 

.0 

.050 

32 

.0 

740 

6 

1230 

.0 

3.51 

184 

.0 

.050 

32 

.0 

741 

6 

1418 

.0 

3.74 

193 

0 

.050 

32 

0 

742 

6 

1618 

0 

3.83 

212 

0 

.050 

32 

0 

743 

6 

1844 

0 

3.86 

239 

0 

.050 

32 

0 

744 

6 

2094 

0 

4.05 

253 

0 

.050 

32 

0 

745 

6 

2347 

0 

4.37 

253 

0 

.050 

32 

0 

747 

6 

2853 

0 

4.98 

253 

0 

.050 

32 

0 

749 

6 

3359 

0 

5.55 

253 

0 

.050 

30 

4 

722 

9 

0 

0. 

0 

.030 

30 

4 

723. 

1 

2 

0 

.22 

15. 

0 

.030 

30. 

4 

723. 

5 

14. 

0 

.45 

45. 

0 

.030 

30. 

4 

723. 

9 

37. 

0 

.64 

74. 

0 

.030 

30. 

4 

724. 

9 

130. 

0 

1.12 

111. 

0 

.030 

30. 

4 

725. 

9 

271. 

0 

1.43 

167. 

0 

.030 

30. 

4 

726. 

9 

462. 

0 

1.72 

218. 

0 

.030 

30. 

4 

727. 

9 

701. 

0 

2.04 

257. 

0 

.030 

30. 

4 

728. 

9 

978. 

0 

2.34 

287. 

0 

.030 

30. 

4 

729. 

9 

1275. 

0 

2.59 

310. 

0 

.030 

30. 

4 

730. 

9 

1599. 

0 

2.79 

337. 

0 

.030 

30. 

4 

731. 

9 

1964. 

0 

2.71 

418. 

0 

.030 

30. 

4 

732. 

9 

2394. 

0 

2.98 

444. 

0 

.030 

30. 

4 

733. 

9 

2851. 

0 

3.24 

469. 

0 

.030 

30. 

4 

734. 

9 

3342. 

0 

3.39 

518. 

0 

.030 

30. 

4 

735. 

9 

3887. 

0 

3.54 

571. 

0 

.030 

30. 

4 

736. 

9 

4482. 

0 

3.74 

610. 

0 

.030 

30. 

4 

737. 

9 

5100. 

0 

4.01 

627. 

0 

.030 
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S3 

30.4 

739.9 

6390.0 

4.49 

662.0 

.030 

S3 

30.4 

741.9 

7745.0 

4.96 

692.0 

.030 

S3 

50 

28.4 

725.3 

0. 

0. 

0. 

.030 

S3 

28.4 

725.5 

4.0 

.23 

30.0 

.030 

S3 

28.4 

725.9 

22.0 

.48 

59.0 

.030 

S3 

28.4 

726.3 

51.0 

.67 

90.0 

.030 

S3 

28.4 

727.3 

167.0 

1.13 

139.0 

.030 

S3 

28.4 

728.3 

375.0 

1.37 

249.0 

.030 

S3 

28.4 

729.3 

644.0 

1.75 

289.0 

.030 

S3 

28.4 

730.3 

946.0 

2.13 

313.0 

.030 

S3 

28.4 

731.3 

1271.0 

2.46 

336.0 

.030 

S3 

28.4 

732.3 

1617.0 

2.76 

357.0 

.030 

S3 

28.4 

733.3 

1985.0 

3.03 

379.0 

.030 

S3 

28.4 

734.3 

2387.0 

3.20 

428.0 

.030 

S3 

28.4 

735.3 

2831.0 

3.41 

463.0 

.030 

S3 

28.4 

736.3 

3311.0 

3.55 

497.0 

.030 

S3 

28.4 

737.3 

3824.0 

3.73 

527.0 

.030 

S3 

28.4 

738.3 

4370.0 

3.86 

575.0 

.030 

S3 

28.4 

739.3 

4985.0 

3.99 

634.0 

.030 

S3 

28.4 

740.3 

5632.0 

4.20 

659.0 

.030 

S3 

28.4 

742.3 

7002.0 

4.58 

709.0 

.030 

S3 

28.4 

744.3 

8458.0 

5.02 

742.0 

.030 

S3 

50 

26.3 

722.7 

0. 

0. 

0. 

.030 

S3 

26.3 

722.8 

1.0 

.22 

9.0 

.030 

S3 

26.3 

723.2 

8.0 

.45 

26.0 

.030 

S3 

26.3 

723.7 

22.0 

.62 

45.0 

.030 

S3 

26.3 

724.7 

92.0 

1.00 

94.0 

.030 

S3 

26.3 

725.7 

219.0 

1.22 

167.0 

.030 

S3 

26.3 

726.7 

436.0 

1.38 

265.0 

.030 

S3 

26.3 

727.7 

751.0 

1.58 

365.0 

.030 

S3 

26.3 

728.7 

1158.0 

1.86 

441.0 

.030 

S3 

26.3 

729.7 

1628.0 

2.17 

496.0 

.030 

S3 

26.3 

730.7 

2254.0 

2.19 

729.0 

.030 

S3 

26.3 

731.7 

3038.0 

2.44 

809.0 

.030 

S3 

26.3 

732.7 

3867.0 

2.74 

858.0 

.030 

S3 

26.3 

733.7 

4756.0 

3.00 

913.0 

.030 

S3 

26.3 

734.7 

5699.0 

3.23 

981.0 

.030 

S3 

26.3 

735.7 

6697.0 

3.45 

1022.0 

.030 

S3 

26.3 

736.7 

7750.0 

3.68 

1067.0 

.030 

S3 

26.3 

737.7 

8825.0 

3.97 

1083.0 

.030 

S3 

26.3 

739.7 

11032.0 

4.51 

1117.0 

.030 

S3 

26.3 

741.7 

13278.0 

5.08 

1129.0 

.030 

S3 

50 

24.2 

721.6 

0. 

0. 

0. 

.030 

S3 

24.2 

721.8 

6.0 

.22 

56.0 

.030 

S3 

24.2 

722.2 

50.0 

.47 

150.0 

.030 

S3 

24.2 

722.6 

118.0 

.69 

190.0 

.030 

S3 

24.2 

723.6 

354.0 

1.13 

270.0 

.030 

S3 

24.2 

724.6 

656.0 

1.41 

358.0 

.030 

S3 

24.2 

725.6 

1079.0 

1.60 

484.0 

.030 

S3 

24.2 

726.6 

1606.0 

1.88 

568.0 

.030 

S3 

24.2 

727.6 

2215.0 

2.16 

648.0 

.030 

S3 

24.2 

728.6 

2903.0 

2.41 

730.0 

.030 

S3 

24.2 

729.6 

3687.0 

2.62 

834.0 

.030 

S3 

24.2 

730.6 

4563.0 

2.87 

914.0 

.030 
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S3 

24.2 

731.6 

5511.0 

3.10 

994.0 

.030 

S3 

24.2 

732.6 

6555.0 

3.32 

1081.0 

.030 

S3 

24.2 

733.6 

7684.0 

3.50 

1191.0 

.030 

S3 

24.2 

734.6 

8885.0 

3.80 

1211.0 

.030 

S3 

24.2 

735.6 

10105.0 

4.09 

1229.0 

.030 

S3 

24.2 

736.6 

11341.0 

4.38 

1242.0 

.030 

S3 

24.2 

738.6 

13849.0 

4.93 

1266.0 

.030 

S3 

24.2 

740.6 

16405.0 

5.45 

1289.0 

.030 

S4 

854 

835 

775 

743 

742 

741 

S4 

739.5 

KR 

0.10 

1.463 

KR 

0.15 

1.463 

KR 

0.25 

1.463 

CT 

10 

740101 

40. 

3. 

0. 

CT 

740318 

45. 

3. 

0. 

CT 

740723 

50. 

3. 

0. 

CT 

741017 

45. 

3. 

0. 

CT 

741206 

40. 

3. 

0. 

CT 

-741231 

40. 

3. 

0. 

CT 

740101 

150. 

1. 

0. 

CT 

-741231 

150. 

1. 

0. 

CT 

740101 

0.1 

1. 

0. 

CT 

-741231 

0.1 

1. 

0. 

CT 

740101 

5. 

0. 

30. 

CT 

-741231 

5. 

0. 

30. 

CT 

20 

740101 

45 

4 

0 

CT 

740318 

50 

4 

0 

CT 

740723 

55 

4 

0 

CT 

741017 

50 

4 

0 

CT 

741206 

45 

4 

0 

CT 

-741231 

42 

4 

0 

CT 

740101 

160 

.8 

0 

CT 

-741231 

160 

.8 

0 

CT 

740101 

.05 

.15 

0 

CT 

-741231 

.05 

.15 

0 

CT 

740101 

4 

0 

50 

CT 

-741231 

4 

0 

50 

CT 

30 

740101 

45. 

3. 

0. 

CT 

740510 

50. 

3. 

0. 

CT 

740531 

60. 

3. 

0. 

CT 

741001 

55. 

3. 

0. 

CT 

-741231 

45. 

3. 

0. 

CT 

740101 

160. 

1. 

0. 

CT 

-741231 

160. 

1. 

0. 

CT 

740101 

.15 

4. 

0. 

CT 

-741231 

.15 

4. 

0. 

CT 

740101 

4.5 

4. 

0. 

CT 

-741231 

4.5 

4. 

0. 

CT 

40 

740101 

45. 

3. 

0. 

CT 

740504 

50. 

3. 

0. 

CT 

740514 

55. 

3. 

0. 

CT 

740515 

60. 

3. 

0. 

CT 

741005 

55. 

3. 

0. 

CT 

741109 

50. 

3. 

0. 

740 
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CT 

741214 

45. 

3. 

0. 

CT 

-741231 

45. 

3. 

0. 

CT 

740101 

170. 

1. 

0. 

CT 

-741231 

170. 

1. 

0. 

CT 

740101 

0.2 

1. 

0. 

CT 

-741231 

0.2 

1. 

0. 

CT 

740101 

5.5 

0. 

30. 

CT 

-741231 

5.5 

0. 

30. 

CT 

50  740101 

50. 

3. 

0. 

CT 

740506 

55. 

3. 

0. 

CT 

740510 

60. 

3. 

0. 

CT 

740515 

65. 

3. 

0. 

CT 

740708 

70. 

3. 

0. 

CT 

740924 

65. 

3. 

0. 

CT 

741018 

60. 

3. 

0. 

CT 

741112 

55. 

3. 

0. 

CT 

741206 

50. 

3. 

0. 

CT 

-741231 

50. 

3. 

0. 

CT 

740101 

190. 

1. 

0. 

CT 

-741231 

190. 

1. 

0. 

CT 

740101 

0.3 

1. 

0. 

CT 

-741231 

0.3 

1. 

0. 

CT 

740101 

6.0 

0. 

30. 

CT 

-741231 

6.0 

0. 

30. 

11 

740101 

741231 

12 

0 

TRIB  1  INFLOW  RATE  -  RES 

#1 

14 

740101 

-1 

741231 

-1.  -1 

12 

1 

0 

HAYES  INFLOW 

14 

740101 

-1.5 

740408 

-1.5  740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231 

-1.5  -1 

12 

0 

HAYES  INFLOW  -  TOTAL  DISSOLVED  SOLIDS 

14 

740101 

105. 

741231 

105.  -1 

12 

0 

HAYES  INFLOW  -  CARBONACEOUS  BOD 

14 

740101 

0.5 

741231 

0.5  -1 

12 

0 

HAYES  INFLOW  -  DISSOLVED 

OXYGEN 

14 

740101 

12.8 

740115 

13.1  740215 

12.4 

740315 

11.8 

14 

740415 

11.7 

740515 

9.3  740615 

8.9 

740715 

8.2 

14 

740815 

7.8 

740915 

9.7  741015 

10.0 

741115 

11.0 

14 

741215 

12.4 

741231 

12.8  -1 

12 

0 

TRIB  2  INFLOW  RATE  -  RM  I 

50 

14 

740101 

-1 

741231 

-1.  -1 

12 

1 

0 

TRIB  2  - 

RM  60 

14 

740101 

-1.5 

740408 

-1.5  740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231 

-1.5  -1 

12 

0 

TRIB  2  - 

RM  60  -  TDS 

14 

740101 

150. 

741231 

150.  -1 

12 

0 

TRIB  2  - 

RM  60  -  CBOD 

14 

740101 

0.5 

741231 

0.5  -1 

12 

0 

TRIB  2  - 

RM  60  -  DO 

14 

740101 

12.6 

740115 

12.7  740215 

13.0 

740315 

12.6 

14 

740415 

11.5 

740515 

9.1  740615 

8.6 

740715 

7.7 

14 

740815 

7.7 

740915 

9.0  741015 

9.7 

741115 

11.1 

14 

741215 

12.6 

741231 

12.6  -1 

12 

0 

TRIB  3  INFLOW  RATE  -  RM  40 

14 

740101 

-1 

741231 

-1.  -1 

Page  10  of  11 


TEST  PROBLEM  5 


EXHIBIT  1 


12 

1 

0 

TRIB  3  - 

RM  40 

14 

740101 

-1.5 

740408 

-1.5 

740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231 

-1.5 

-1 

12 

0 

TRIB  3  - 

RM  40  - 

TDS 

14 

740101 

150. 

741231 

150. 

-1 

12 

0 

TRIB  3  - 

RM  40  - 

CBOD 

14 

740101 

0.5 

741231 

0.5 

-1 

12 

0 

TRIB  3  - 

RM  40  - 

DO 

14 

740101 

12.6 

740115 

12.7 

740215 

13.0 

740315 

12.6 

14 

740415 

11.5 

740515 

9.1 

740615 

8.6 

740715 

7.7 

14 

740815 

7.7 

740915 

9.0 

741015 

9.7 

741115 

11.1 

14 

741215 

12.6 

741231 

12.6 

-1 

12 

0 

TRIB  4  INFLOW  RATE  -  RM  30 

14 

740101 

-1 

741231 

-1. 

-1 

12 

1 

OTRIB  4  - 

RM  30 

14 

740101 

-1.5 

740408 

-1.5 

740422 

-3.0 

740708 

-6. 

14 

740826 

-5. 

741231 

-1.5 

-1 

12 

0 

TRIB  4  - 

RM  30  - 

TOTAL  DISSOLVED 

SOLIDS 

14 

740101 

160. 

741231 

160. 

-1 

12 

0 

TRIB  4  - 

RM  30  - 

CARBONACEOUS  BOD 

14 

740101 

0.6 

741231 

0.6 

-1 

12 

-1 

0 

TRIB  4  - 

RM  30  - 

DISSOLVED 

OXYGEN 

14 

740101 

100. 

741231 

100. 

-1 

ER 

EXHIBIT  1 


TEST  PROBLEM  5 


Page  11  of  11 


TEST  PROBLEM  6  -  Tandem  Reservoirs  with  Steady  State  Option  and  Flow 
Augmentation 

The  system  simulated  in  this  test  of  the  water  quality  module  consists  of 
the  same  reservoir  and  stream  configuration  as  Test  Problem  2.  The  unique  input 
to  this  test  problem,  includes  selecting  the  steady  state  and  flow  augmentation 
options  (J9  card,  Fields  2  and  3)  and  specifying  the  same  input  changes  as  Test 
Problem  5 . 

A  complete  listing  of  the  input  data  deck  is  given  below.  A  complete  output 
listing  is  included  with  the  computer  source  code  distribution. 
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T1  TESTING  HEC5Q  WATER  QUALITY  SIMULATION  CAPABILITY 

T2  TANDEM  RIVER  SYSTEM. . .STEADY  STATE  CONDITIONS. . .FLOW  AUGMENTATION  OPTION 
T3  TEST  PROBLEM  6 


J1 

0 

5 

5 

3 

4 

2 

0 

0 

J2 

0 

0 

0 

0 

0 

0 

0 

J9 

1 

1 

0 

RL 

10 

1200000 

0 

100000 

200000 

1500000 

1600000 

RO 

3 

20 

30 

40 

RS 

7 

100 

6300 

31300 

88000 

188000 

563000 

1688000 

RQ 

7 

0 

20000 

30000 

40000 

50000 

50000 

50000 

RA 

7 

10 

500 

1500 

3000 

5000 

10000 

20000 

RE 

7 

800 

825 

850 

870 

900 

950 

1030 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

10 

15000 

300 

200 

IDCPIO -HAYES  DAM 

RT 

10 

20 

2.2 

.25 

12 

0 

CP 

20 

12000 

300 

200 

ID 

CP20 

**  RM60 

RT 

20 

30 

2.2 

.25 

12 

0 

CP 

30 

12000 

300 

200 

ID 

CP30 

**  RM40 

RT 

30 

40 

2.2 

.25 

12 

0 

RL 

40 

550000 

0 

2000 

550000 

952000 

1130000 

RO 

1 

50 

RS 

8 

2000 

20000 

52000 

113000 

209000 

320000 

550000 

800000  1130000 

RQ 

8 

0 

5680 

5680 

5680 

5680 

5680 

29180 

59680 

104980  1 

RA 

8 

150 

2100 

4500 

7600 

11800 

17000 

22400 

28600 

37200 

RE 

8 

892 

910 

920 

930 

940 

950 

962.5 

970 

980 

R3 

2 

2 

2 

2 

99 

99 

99 

99 

99 

99 

R3 

99 

99 

CP 

40 

10000 

300 

200 

IDCP40- DAVIS  DAM 

RT 

40 

50 

2.2 

.25 

12 

0 

CP 

50 

50000 

300 

200 

IDCP50  ** 

RM24.2 

RT 

50 

0 

0 

0 

0 

0 

ED 

BF 

0 

5 

0 

074050100 

5 

720 

NOLIST 

IN 

10 

1MAY74 

2524 

2426 

2099 

759 

3154 

IN 

20 

1MAY74 

913 

716 

642 

170 

1203 

IN 

30 

1MAY74 

913 

716 

642 

167 

1203 

IN 

50 

1MAY74 

4641 

1361 

2134 

726 

2991 

QA 

10 

1MAY74 

2380 

2347 

2128 

673 

2898 

EJ 

TI 

FICTICIOUS  TANDEM  RIVER 

BASIN  TEST  OF  HEC-5Q  WITH  WATER  QUALITY 

TI 

RESERVOIRS  ARE  FICTICIOUS  ALSO  **  C.P. 

OF  10,  20,  30,  40 

AND  50 

TI 

CONSTITUENTS  ARE 

TEMPERATURE,  TDS,  CARBONACEOUS 

BOD  AND 

OXYGEN 

JA 

740501 

740828 

5 

2 

F 

0 

EZ 

-1 
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ET 

121 

64.06 

138.8 

2385.6 

12.35 

ET 

122 

62.44 

111.4 

2409 . 1 

10.31 

ET 

123 

65.44 

126.3 

2385.9 

10.60 

ET 

124 

60.66 

107.7 

2456.1 

10.34 

ET 

125 

63.36 

102.6 

2457.1 

9.35 

ET 

126 

57.60 

124.1 

2466.3 

12.60 

ET 

127 

58.75 

89.7 

2507.6 

8.88 

ET 

128 

66.16 

90.8 

2484.1 

7.72 

ET 

129 

66.36 

138.3 

2446.0 

11.48 

ET 

130 

67.68 

96.1 

2494.6 

7.85 

ET 

131 

70.23 

130.1 

2473.9 

10.09 

ET 

132 

66.18 

147.4 

2470.1 

12.21 

ET 

133 

62.56 

144.1 

2518.4 

13.40 

ET 

134 

72.00 

149.0 

2492.1 

11.23 

ET 

135 

71.49 

175.2 

2472 . 3 

13.02 

ET 

136 

74.91 

133.5 

2480.6 

9.06 

ET 

137 

78.21 

176.4 

2413.2 

10.65 

ET 

138 

75.06 

127.7 

2486 . 3 

8.59 

ET 

139 

72.84 

131.9 

2525.7 

9.60 

ET 

140 

73.33 

118.8 

2544.2 

8.55 

ET 

141 

81.63 

95.9 

2508.9 

5.46 

ET 

142 

77.95 

142.0 

2476 . 5 

8.68 

ET 

143 

73.94 

148.7 

2521.6 

10.31 

ET 

144 

68.99 

151.9 

2563.9 

12.01 

ET 

145 

67.24 

99.2 

2614.1 

8.21 

ET 

146 

69.55 

97.3 

2617.0 

7.72 

ET 

147 

64.69 

119.9 

2640.5 

10.76 

ET 

148 

71.17 

97.5 

2626.2 

7.47 

ET 

149 

73.54 

145.0 

2558.2 

10.02 

ET 

150 

80.04 

107.4 

2543.5 

6.31 

ET 

151 

77.13 

137.9 

2528.9 

8.64 

ET 

152 

70.47 

132.4 

2598.9 

10.09 

ET 

153 

72.09 

120.6 

2629.7 

9.06 

ET 

154 

78.21 

86.5 

2621.4 

5.50 

ET 

155 

79.57 

99.9 

2598.9 

6.09 

ET 

156 

76.06 

133.5 

2597.6 

8.93 

ET 

157 

77.65 

133.5 

2579.1 

8.50 

ET 

158 

75.63 

175.0 

2568.3 

11.63 

ET 

159 

78.80 

137.6 

2562.9 

8.34 

ET 

160 

82.00 

138.6 

2539.4 

7.67 

ET 

161 

77.77 

212.1 

2535.9 

13.02 

ET 

162 

69.73 

170.9 

2626.5 

13.27 

ET 

163 

71.67 

119.4 

2644. 6 

8.88 

ET 

164 

73.76 

105.8 

2658.3 

7.56 

ET 

165 

79.68 

93.8 

2632.5 

5.75 

ET 

166 

72.72 

153.5 

2601.4 

10.85 

ET 

167 

71.62 

145.3 

2627.1 

10.72 

ET 

168 

71.26 

110.0 

2663.7 

8.34 

ET 

169 

73.63 

124.3 

2646.5 

8.88 

ET 

170 

77.79 

129.1 

2600.1 

8.21 

ET 

171 

82.04 

144.8 

2542.0 

8.05 

ET 

172 

77.67 

199.4 

2553.1 

12.44 

ET 

173 

81.25 

107.0 

2592.8 

6.22 

ET 

174 

72.32 

143.9 

2625.9 

10.51 
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ET 

175 

71.35 

151.0 

2647.8 

11.52 

ET 

176 

71.62 

129.3 

2649.1 

9.80 

ET 

177 

77.68 

96.6 

2622.1 

6.13 

ET 

178 

75.09 

129.3 

2628.7 

8.93 

ET 

179 

74.39 

127.5 

2615.1 

8.88 

ET 

180 

74.98 

130.1 

2601.1 

8.84 

ET 

181 

74.88 

210.0 

2568.0 

14.18 

ET 

182 

80.55 

135.6 

2566.8 

8.01 

ET 

183 

80.89 

185.1 

2524.8 

10.67 

ET 

184 

83.64 

204.0 

2486.3 

10.76 

ET 

185 

83.70 

200.2 

2483.8 

10.56 

ET 

186 

82.60 

140.0 

2503.8 

7.58 

ET 

187 

83.17 

106.5 

2566.4 

5.97 

ET 

188 

89.10 

87.1 

2546 . 7 

4.14 

ET 

189 

89.42 

102.4 

2502.9 

4.72 

ET 

190 

86.77 

141.1 

2467.9 

6.85 

ET 

191 

82.85 

165.3 

2461.5 

8.77 

ET 

192 

77.04 

165.3 

2538.5 

10.65 

ET 

193 

79.90 

105.1 

2557.9 

6.38 

ET 

194 

87.21 

86.2 

2531.5 

4.30 

ET 

195 

82.40 

168.8 

2466.9 

9.26 

ET 

196 

78.49 

168.8 

2498.7 

10.43 

ET 

197 

76.98 

140.4 

2528.0 

9.08 

ET 

198 

85.08 

91.6 

2508.9 

4.79 

ET 

199 

83.80 

141.6 

2436.7 

7.47 

ET 

200 

81.34 

201.3 

2425.6 

11.30 

ET 

201 

77.05 

147.3 

2496.5 

9.51 

ET 

202 

77.18 

127.0 

2509.5 

8.30 

ET 

203 

82.02 

109.7 

2467.6 

6.22 

ET 

204 

79.34 

124.5 

2445.3 

7.29 

ET 

205 

80.82 

119.4 

2435.2 

6.85 

ET 

206 

84.99 

86.9 

2450.7 

4.50 

ET 

207 

89.44 

81.8 

2408 . 1 

3.71 

ET 

208 

88.47 

90.9 

2398.6 

4.25 

ET 

209 

82.58 

133.1 

2372.5 

7.18 

ET 

210 

78.96 

151.3 

2377.3 

8.93 

ET 

211 

77.41 

150.5 

2393.2 

9.42 

ET 

212 

79.23 

127.3 

2391.3 

7.67 

ET 

213 

83.59 

103.3 

2373.8 

5.55 

ET 

214 

84.94 

111.8 

2329.0 

5.68 

ET 

215 

79.84 

175.7 

2297.5 

10.04 

ET 

216 

76.86 

172.7 

2324.9 

10.85 

ET 

217 

75.70 

118.1 

2364.3 

7.76 

ET 

218 

79.32 

102.2 

2340.8 

6.09 

ET 

219 

84.34 

95.9 

2296.2 

4.97 

ET 

220 

83.50 

107.5 

2261.9 

5.59 

ET 

221 

83.93 

98.9 

2259.4 

5.08 

ET 

222 

78.15 

134.9 

2266.7 

8.19 

ET 

223 

78.78 

161.9 

2230.5 

9.64 

ET 

224 

83.66 

114.8 

2198.0 

5.88 

ET 

225 

82.54 

122.9 

2195.5 

6.55 

ET 

226 

79.68 

132.4 

2210.7 

7.76 

ET 

227 

81.79 

96.2 

2219.6 

5.35 

ET 

228 

85.68 

86.2 

2188.8 

4.25 
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ET 

229 

79.77 

152.6 

2150.0 

8.77 

ET 

230 

87.04 

73.6 

2159.9 

3.42 

ET 

231 

86.54 

73.1 

2158.0 

3.47 

ET 

232 

90.10 

67.8 

2142.1 

2.93 

ET 

233 

85.53 

89.0 

2121.1 

4.38 

ET 

234 

85.12 

89.0 

2106.5 

4.43 

ET 

235 

84.78 

95.2 

2088.7 

4.77 

ET 

236 

82.42 

110.2 

2072.5 

5.88 

ET 

237 

87.62 

71.2 

2069.9 

3.22 

ET 

238 

86.02 

88.3 

2042 . 6 

4.21 

ET 

239 

80.53 

159.8 

2012.4 

8.88 

ET 

240 

79.48 

145.3 

2004.1 

8.19 

ET 

241 

79.11 

149.2 

1979.7 

8.48 

ET 

242 

80.02 

122.7 

1985.4 

6.89 

ET 

-243 

77.29 

150.1 

1973.6 

9.06 

QC 

1 

0 

0 

0 

1 

0 

1 

TQTOTAL  DISSOLVED 

SOLIDS  IN  MG/L, 

COMPUTED 

AS  0.62 

X  CONDUCTIVITY 

TQCARBONACEOUS  BOD 

IN  MG/L 

TQDISSOLVED  OXYGEN 

IN  MG/L 

LI 

1 

1 

L2 

10 

5 

10 

.6 

2 

1 

LR 

1 

10000 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

50 

50000 

825 

L7 

10 

2000 

820 

860 

900 

940 

L7 

10 

2000 

840 

880 

920 

960 

L8 

200 

400 

800 

1400 

2000 

3000 

5000 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

40 

41 

42 

43 

45 

48 

60 

Cl 

105. 

105. 

105. 

105. 

105. 

105. 

105. 

C5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

C7 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

SA 

100 

100 

100 

100 

100 

100 

100 

DK 

0.1 

1.463 

L2 

40 

2 

60000 

5 

.6 

2 

1 

LR 

L3 

.01 

1.-6 

1.-4 

0 

-.7 

L5 

1 

10 

895.5 

L6 

870 

99300 

962.5 

L7 

7.9 

2840 

895.5 

909.5 

923.5 

937.5 

L7 

7.9 

2840 

902.5 

916.5 

930.5 

944.5 

L8 

410 

460 

500 

550 

600 

650 

700 

PL 

0.25 

100 

-4.00 

PL 

0.05 

100 

-0.20 

PL 

0.20 

100 

-8.00 

PL 

0.25 

100 

3.2 

-0.70 

0.10 

-0.05 

L9 

54 

55 

57 

57 

57 

57 

57 

Cl 

160 

190 

190 

190 

190 

190 

190 

C5 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

C7 

8.4 

8.7 

9.2 

9.2 

9.2 

9.2 

9.2 

SA 

100 

100 

100 

100 

100 

100 

100 

750 


57 

190 

.3 

9.2 
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20 


1 


DK 

CR 

1.047 

.2 

1.047 

1.047 

1.463 

1.0159 

SI 

1 

1 

-1 

8 

S2 

10 

65.5 

20 

60 

1.5 

S2 

20 

60.0 

30 

40 

1.5 

S2 

0 

0 

0 

0 

S2 

40 

32 

50 

24.2 

1.975 

SR 

10 

20 

1 

2 

SR 

20 

30 

1 

2 

SR 

-40 

50 

1 

2 

S3 

10 

65.5 

844.0 

0. 

0. 

S3 

65.5 

844.2 

0. 

.21 

S3 

65.5 

844.6 

4.0 

.35 

S3 

65.5 

845.0 

14.0 

.61 

S3 

65.5 

846.0 

54.0 

1.04 

S3 

65.5 

847.0 

114.0 

1.40 

S3 

65.5 

848.0 

194.0 

1.55 

S3 

65.5 

849.0 

305.0 

1.84 

S3 

65.5 

850.0 

440.0 

2.02 

S3 

65.5 

851.0 

605.0 

2.20 

S3 

65.5 

852.0 

827.0 

2.17 

S3 

65.5 

853.0 

1100.0 

2.52 

S3 

65.5 

854.0 

1384.0 

2.87 

S3 

65.5 

855.0 

1677.0 

3.15 

S3 

65.5 

856.0 

1985.0 

3.40 

S3 

65.5 

857.0 

2308.0 

3.67 

S3 

65.5 

858.0 

2634.0 

3.99 

S3 

65.5 

859.0 

2960.0 

4.30 

S3 

65.5 

861.0 

3612.0 

4.88 

S3 

65.5 

863.0 

4264.0 

5.41 

S3 

20 

60.0 

825.4 

0. 

0. 

S3 

60.0 

825.6 

1.0 

.22 

S3 

60.0 

826.0 

10.0 

.43 

S3 

60.0 

826.4 

27.0 

.64 

S3 

60.0 

827.4 

92.0 

1.13 

S3 

60.0 

828.4 

179.0 

1.51 

S3 

60.0 

829.4 

287.0 

1.79 

S3 

60.0 

830.4 

418.0 

2.08 

S3 

60.0 

831.4 

563.0 

2.38 

S3 

60.0 

832.4 

723.0 

2.65 

S3 

60.0 

833.4 

893.0 

2.95 

S3 

60.0 

834.4 

1071.0 

3.23 

S3 

60.0 

835.4 

1258.0 

3.48 

S3 

60.0 

836.4 

1455.0 

3.64 

S3 

60.0 

837.4 

1675.0 

3.68 

S3 

60.0 

838.4 

1922.0 

3.83 

S3 

60.0 

839.4 

2175.0 

4.16 

S3 

60.0 

840.4 

2428.0 

4.48 

S3 

60.0 

842.4 

2934.0 

5.08 

S3 

60.0 

844.4 

3440 . 0 

5.65 

S3 

30 

40.0 

765.0 

0. 

0. 

S3 

40.0 

765.2 

1.0 

.22 

S3 

40.0 

765.6 

10.0 

.43 

S3 

40.0 

766.0 

27.0 

.64 

2 

3 

30  4 


0 

.050 

5 

.0 

.050 

20 

.0 

.050 

29 

.0 

.050 

50 

.0 

.050 

67 

.0 

.050 

99 

.0 

.050 

121 

.0 

.050 

152 

.0 

.050 

185 

.0 

.050 

264 

.0 

.050 

279 

.0 

.050 

288 

.0 

.050 

301 

.0 

.050 

316 

.0 

.050 

326 

.0 

.050 

326 

.0 

.050 

326 

.0 

.050 

326 

.0 

.050 

326, 

.0 

.050 

0, 

.050 

9, 

.0 

.050 

33, 

,0 

.050 

52, 

.0 

.050 

77. 

.0 

.050 

96. 

,0 

.050 

119. 

,0 

.050 

138. 

,0 

.050 

152. 

0 

.050 

166. 

0 

.050 

174. 

0 

.050 

183. 

0 

.050 

191. 

0 

.050 

207. 

0 

.050 

234. 

0 

.050 

253. 

0 

.050 

253. 

0 

.050 

253. 

0 

.050 

253. 

0 

.050 

253. 

0 

.050 

0. 

.050 

9. 

0 

.050 

33. 

0 

.050 

52. 

0 

.050 
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S3 

40.0 

767.0 

S3 

40.0 

768.0 

S3 

40.0 

769.0 

S3 

40.0 

770.0 

S3 

40.0 

771.0 

S3 

40.0 

772.0 

S3 

40.0 

773.0 

S3 

40.0 

774.0 

S3 

40.0 

775.0 

S3 

40.0 

776.0 

S3 

40.0 

777.0 

S3 

40.0 

778.0 

S3 

40.0 

779.0 

S3 

40.0 

780.0 

S3 

40.0 

782.0 

S3 

40.0 

784.0 

S3 

40 

32.0 

730.6 

S3 

32.0 

730.8 

S3 

32.0 

731.2 

S3 

32.0 

731.6 

S3 

32.0 

732.6 

S3 

32.0 

733.6 

S3 

32.0 

734.6 

S3 

32.0 

735.6 

S3 

32.0 

736.6 

S3 

32.0 

737.6 

S3 

32.0 

738.6 

S3 

32.0 

739.6 

S3 

32.0 

740.6 

S3 

32.0 

741.6 

S3 

32.0 

742.6 

S3 

32.0 

743.6 

S3 

32.0 

744.6 

S3 

32.0 

745.6 

S3 

32.0 

747.6 

S3 

32.0 

749.6 

S3 

50 

30.4 

722.9 

S3 

30.4 

723.1 

S3 

30.4 

723.5 

S3 

30.4 

723.9 

S3 

30.4 

724.9 

S3 

30.4 

725.9 

S3 

30.4 

726.9 

S3 

30.4 

727.9 

S3 

30.4 

728.9 

S3 

30.4 

729.9 

S3 

30.4 

730.9 

S3 

30.4 

731.9 

S3 

30.4 

732.9 

S3 

30.4 

733.9 

S3 

30.4 

734.9 

S3 

30.4 

735.9 

S3 

30.4 

736.9 

S3 

30.4 

737.9 
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92 

.0 

1.13 

77 

.0 

179 

.0 

1.51 

96 

.0 

287 

.0 

1.79 

119 

.0 

418 

.0 

2.08 

138 

.0 

563 

.0 

2.38 

152 

.0 

723 

.0 

2.65 

166 

.0 

893 

.0 

2.95 

174 

.0 

1071 

.0 

3.23 

183 

.0 

1258 

.0 

3.48 

191 

.0 

1455 

.0 

3.64 

207 

.0 

1675 

.0 

3.68 

234 

.0 

1922 

.0 

3.83 

253 

.0 

2175 

.0 

4.16 

253 

.0 

2428 

.0 

4.48 

253 

.0 

2934 

.0 

5.08 

253 

.0 

3440 

.0 

5.65 

253 

.0 

0 

0. 

0 

0 

.21 

2 

.0 

2 

0 

.44 

6 

0 

6 

0 

.45 

19 

0 

74 

0 

.84 

96 

0 

177 

0 

1.37 

109 

0 

291 

0 

1.80 

120 

0 

421 

0 

2.12 

135 

0 

565. 

0 

2.44 

147 

0 

715. 

0 

2.74 

155. 

0 

878. 

0 

2.99 

168. 

0 

1050. 

0 

3.26 

176. 

0 

1230. 

0 

3.51 

184. 

0 

1418. 

0 

3.74 

193. 

0 

1618. 

0 

3.83 

212. 

0 

1844. 

0 

3.86 

239. 

0 

2094. 

0 

4.05 

253. 

0 

2347. 

0 

4.37 

253. 

0 

2853. 

0 

4.98 

253. 

0 

3359. 

0 

5.55 

253. 

0 

0. 

0. 

0. 

2. 

0 

.22 

15. 

0 

14. 

0 

.45 

45. 

0 

37. 

0 

.64 

74. 

0 

130. 

0 

1.12 

111. 

0 

271. 

0 

1.43 

167. 

0 

462. 

0 

1.72 

218. 

0 

701. 

0 

2.04 

257. 

0 

978. 

0 

2.34 

287. 

0 

1275. 

0 

2.59 

310. 

0 

1599. 

0 

2.79 

337. 

0 

1964. 

0 

2.71 

418. 

0 

2394. 

0 

2.98 

444. 

0 

2851. 

0 

3.24 

469. 

0 

3342. 

0 

3.39 

518. 

0 

3887. 

0 

3.54 

571. 

0 

4482. 

0 

3.74 

610. 

0 

5100. 

0 

4.01 

627. 

0 

TEST 

PROBLEM 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 

.030 
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50 


S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 
S3 

S3  50 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3  50 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 


30.4 

739.9 

6390.0 

4.49 

662.0 

.030 

30.4 

741.9 

7745.0 

4.96 

692.0 

.030 

28.4 

725.3 

0. 

0. 

0. 

.030 

28.4 

725.5 

4.0 

.23 

30.0 

.030 

28.4 

725.9 

22.0 

.48 

59.0 

.030 

28.4 

726.3 

51.0 

.67 

90.0 

.030 

28.4 

727.3 

167.0 

1.13 

139.0 

.030 

28.4 

728.3 

375.0 

1.37 

249.0 

.030 

28.4 

729.3 

644.0 

1.75 

289.0 

.030 

28.4 

730.3 

946.0 

2.13 

313.0 

.030 

28.4 

731.3 

1271.0 

2.46 

336.0 

.030 

28.4 

732.3 

1617.0 

2.76 

357.0 

.030 

28.4 

733.3 

1985.0 

3.03 

379.0 

.030 

28.4 

734.3 

2387.0 

3.20 

428.0 

.030 

28.4 

735.3 

2831.0 

3.41 

463.0 

.030 

28.4 

736.3 

3311.0 

3.55 

497.0 

.030 

28.4 

737.3 

3824.0 

3.73 

527.0 

.030 

28.4 

738.3 

4370.0 

3.86 

575.0 

.030 

28.4 

739.3 

4985.0 

3.99 

634.0 

.030 

28.4 

740.3 

5632.0 

4.20 

659.0 

.030 

28.4 

742.3 

7002.0 

4.58 

709.0 

.030 

28.4 

744.3 

8458.0 

5.02 

742.0 

.030 

26.3 

722.7 

0. 

0. 

0. 

.030 

26.3 

722.8 

1.0 

.22 

9.0 

.030 

26.3 

723.2 

8.0 

.45 

26.0 

.030 

26.3 

723.7 

22.0 

.62 

45.0 

.030 

26.3 

724.7 

92.0 

1.00 

94.0 

.030 

26.3 

725.7 

219.0 

1.22 

167.0 

.030 

26.3 

726.7 

436.0 

1.38 

265.0 

.030 

26.3 

727.7 

751.0 

1.58 

365.0 

.030 

26.3 

728.7 

1158.0 

1.86 

441.0 

.030 

26.3 

729.7 

1628.0 

2.17 

496.0 

.030 

26.3 

730.7 

2254.0 

2.19 

729.0 

.030 

26.3 

731.7 

3038.0 

2.44 

809.0 

.030 

26.3 

732.7 

3867.0 

2.74 

858.0 

.030 

26.3 

733.7 

4756.0 

3.00 

913.0 

.030 

26.3 

734.7 

5699.0 

3.23 

981.0 

.030 

26.3 

735.7 

6697.0 

3.45 

1022.0 

.030 

26.3 

736.7 

7750.0 

3.68 

1067.0 

.030 

26.3 

737.7 

8825.0 

3.97 

1083.0 

.030 

26.3 

739.7 

11032.0 

4.51 

1117.0 

.030 

26.3 

741.7 

13278.0 

5.08 

1129.0 

.030 

24.2 

721.6 

0. 

0. 

0. 

.030 

24.2 

721.8 

6.0 

.22 

56.0 

.030 

24.2 

722.2 

50.0 

.47 

150.0 

.030 

24.2 

722.6 

118.0 

.69 

190.0 

.030 

24.2 

723.6 

354.0 

1.13 

270.0 

.030 

24.2 

724.6 

656.0 

1.41 

358.0 

.030 

24.2 

725.6 

1079.0 

1.60 

484.0 

.030 

24.2 

726.6 

1606.0 

1.88 

568.0 

.030 

24.2 

727.6 

2215.0 

2.16 

648.0 

.030 

24.2 

728.6 

2903.0 

2.41 

730.0 

.030 

24.2 

729.6 

3687.0 

2.62 

834.0 

.030 

24.2 

730.6 

4563.0 

2.87 

914.0 

.030 

EXHIBIT  1 


TEST  PROBLEM  6 


Page  8  of  11 


S3 

24.2 

731.6 

5511.0 

3.10 

994.0 

.030 

S3 

24.2 

732.6 

6555.0 

3.32 

1081.0 

.030 

S3 

24.2 

733.6 

7684.0 

3.50 

1191.0 

.030 

S3 

24.2 

734.6 

8885.0 

3.80 

1211.0 

.030 

S3 

24.2 

735.6 

10105.0 

4.09 

1229.0 

.030 

S3 

24.2 

736.6 

11341.0 

4.38 

1242.0 

.030 

S3 

24.2 

738.6 

13849.0 

4.93 

1266.0 

.030 

S3 

24.2 

740.6 

16405.0 

5.45 

1289.0 

.030 

S4 

854 

835 

775 

743 

742 

741 

S4 

739.5 

KR 

0.10 

1.463 

KR 

0.15 

1.463 

KR 

0.25 

1.463 

CT 

10  740101 

40. 

3. 

0. 

CT 

740318 

45. 

3. 

0. 

CT 

740723 

50. 

3. 

0. 

CT 

741017 

45. 

3. 

0. 

CT 

741206 

40. 

3. 

0. 

CT 

-741231 

40. 

3. 

0. 

CT 

740101 

150. 

1. 

0. 

CT 

-741231 

150. 

1. 

0. 

CT 

740101 

0.1 

1. 

0. 

CT 

-741231 

0.1 

1. 

0. 

CT 

740101 

5. 

0. 

30. 

CT 

-741231 

5. 

0. 

30. 

CT 

20  740101 

45 

4 

0 

CT 

740318 

50 

4 

0 

CT 

740723 

55 

4 

0 

CT 

741017 

50 

4 

0 

CT 

741206 

45 

4 

0 

CT 

-741231 

42 

4 

0 

CT 

740101 

160 

.8 

0 

CT 

-741231 

160 

.8 

0 

CT 

740101 

.05 

.15 

0 

CT 

-741231 

.05 

.15 

0 

CT 

740101 

4 

0 

50 

CT 

-741231 

4 

0 

50 

CT 

30  740101 

45. 

3. 

0. 

CT 

740510 

50. 

3. 

0. 

CT 

740531 

60. 

3. 

0. 

CT 

741001 

55. 

3. 

0. 

CT 

-741231 

45. 

3. 

0. 

CT 

740101 

160. 

1. 

0. 

CT 

-741231 

160. 

1. 

0. 

CT 

740101 

.15 

4. 

0. 

CT 

-741231 

.15 

4. 

0. 

CT 

740101 

4.5 

4. 

0. 

CT 

-741231 

4.5 

4. 

0. 

CT 

40  740101 

45. 

3. 

0. 

CT 

740504 

50. 

3. 

0. 

CT 

740514 

55. 

3. 

0. 

CT 

740515 

60. 

3. 

0. 

CT 

741005 

55. 

3. 

0. 

CT 

741109 

50. 

3. 

0. 
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CT 

741214 

45. 

3. 

0. 

CT 

-741231 

45. 

3. 

0. 

CT 

740101 

170. 

1. 

0. 

CT 

-741231 

170. 

1. 

0. 

CT 

740101 

0.2 

1. 

0. 

CT 

-741231 

0.2 

1. 

0. 

CT 

740101 

5.5 

0. 

30. 

CT 

-741231 

5.5 

0. 

30. 

CT  50 

740101 

50. 

3. 

0. 

CT 

740506 

55. 

3. 

0. 

CT 

740510 

60. 

3. 

0. 

CT 

740515 

65. 

3. 

0. 

CT 

740708 

70. 

3. 

0. 

CT 

740924 

65. 

3. 

0. 

CT 

741018 

60. 

3. 

0. 

CT 

741112 

55. 

3. 

0. 

CT 

741206 

50. 

3. 

0. 

CT 

-741231 

50. 

3. 

0. 

CT 

740101 

190. 

1. 

0. 

CT 

-741231 

190. 

1. 

0. 

CT 

740101 

0.3 

1. 

0. 

CT 

-741231 

0.3 

1. 

0. 

CT 

740101 

6.0 

0. 

30. 

CT 

-741231 

6.0 

0. 

30. 

11 

740101 

741231 

12 

0 

TRIB  1  INFLOW  RATE  -  RES 

#1 

14 

740101 

-1 

741231 

-1.  -1 

12 

1 

0 

HAYES  INFLOW 

14 

740101 

-1.5 

740408 

-1.5  740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231 

-1.5  -1 

12 

0 

HAYES  INFLOW  -  TOTAL  DISSOLVED  SOLIDS 

14 

740101 

105. 

741231 

105.  -1 

12 

0 

HAYES  INFLOW  -  CARBONACEOUS  BOD 

14 

740101 

0.5 

741231 

0.5  -1 

12 

0 

HAYES  INFLOW  -  DISSOLVED 

OXYGEN 

14 

740101 

12.8 

740115 

13.1  740215 

12.4 

740315 

11.8 

14 

740415 

11.7 

740515 

9.3  740615 

8.9 

740715 

8.2 

14 

740815 

7.8 

740915 

9.7  741015 

10.0 

741115 

11.0 

14 

741215 

12.4 

741231 

12.8  -1 

12 

0 

TRIB  2  INFLOW  RATE  -  RM  60 

14 

740101 

'  -1 

741231 

-1.  -1 

12 

1 

0 

TRIB  2  - 

RM  60 

14 

740101 

-1.5 

740408 

-1.5  740422 

-5.0 

740708 

-8. 

14 

740826 

-5. 

741231 

-1.5  -1 

12 

0 

TRIB  2  - 

RM  60  -  TDS 

14 

740101 

150. 

741231 

150.  -1 

12 

0 

TRIB  2  - 

RM  60  -  CBOD 

14 

740101 

0.5 

741231 

0.5  -1 

12 

0 

TRIB  2  - 

RM  60  -  DO 

14 

740101 

12.6 

740115 

12.7  740215 

13.0 

740315 

12.6 

14 

740415 

11.5 

740515 

9.1  740615 

8.6 

740715 

7.7 

14 

740815 

7.7 

740915 

9.0  741015 

9.7 

741115 

11.1 

14 

741215 

12.6 

741231 

12.6  -1 

12 

0 

TRIB  3  INFLOW  RATE  -  RM  40 

14 

740101 

-1 

741231 

-1.  -1 
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1 

0  TRIB  3  - 

•  RM  40 

14 

740101 

-1.5  740408 

-1.5 

740422 

-5.0 

740708 

-8. 

14 

740826 

-5.  741231 

-1.5 

-1 

12 

0  TRIB  3  - 

RM  40  - 

TDS 

14 

740101 

150.  741231 

150. 

-1 

12 

0  TRIB  3  - 

RM  40  - 

CBOD 

14 

740101 

0.5  741231 

0.5 

-1 

12 

0  TRIB  3  - 

RM  40  - 

DO 

14 

740101 

12.6  740115 

12.7 

740215 

13.0 

740315 

12.6 

14 

740415 

11.5  740515 

9.1 

740615 

8.6 

740715 

7.7 

14 

740815 

7.7  740915 

9.0 

741015 

9.7 

741115 

11.1 

14 

741215 

12.6  741231 

12.6 

-1 

12 

0  TRIB  4  INFLOW  RATE  -  RM  30 

14 

740101 

-1  741231 

-1. 

-1 

12 

1 

OTRIB  4  - 

RM  30 

14 

740101 

-1.5  740408 

-1.5 

740422 

-3.0 

740708 

-6. 

14 

740826 

-5.  741231 

-1.5 

-1 

12 

0  TRIB  4  - 

RM  30  - 

TOTAL  DISSOLVED 

SOLIDS 

14 

740101 

160.  741231 

160. 

-1 

12 

0  TRIB  4  - 

RM  30  - 

CARBONACEOUS  BOD 

14 

740101 

0.6  741231 

0.6 

-1 

12 

-1 

0  TRIB  4  - 

RM  30  - 

DISSOLVED 

OXYGEN 

14 

740101 

100.  741231 

100. 

-I 

ER 
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EXHIBIT  2 


DESCRIPTION  OF  PROGRAM  INPUT 


This  exhibit  contains  a  detailed  description  of  each  variable  on  each  input 
record.  The  sunmary  of  input  at  the  end  of  this  exhibit  shows  the  sequential 
arrangement  of  records  and  also  serves  as  a  "table  of  contents"  by  showing,  in 
Field  10,  the  page  n\jmbers  where  the  variables  are  described  in  this  exhibit. 

Variable  locations  for  each  input  record  are  shown  by  field  number.  The 
records  are  normally  divided  into  ten  fields  of  eight  columns  each  except  Field 
1.  Variables  occurring  in  Field  1  may  normally  only  occupy  coltrains  3-8  since 
coliamns  1  and  2  are  reserved  for  the  required  identification  characters.  The 
different  values  a  variable  may  assume  and  the  conditions  for  each  are 
described  for  each  variable.  Some  variables  simply  indicate  whether  a  program 
option  is  to  be  used  or  not  by  using  numbers  such  as  -1,  0,  1.  Other  variables 
contain  numbers  which  express  the  variable  magnitude.  For  these  a  +  sign  is 
shown  in  the  description  under  "value"  and  the  nvimerical  value  of  the  variable 
is  entered  as  input.  Where  the  variable  value  is  to  be  zero,  the  variable  may 
be  left  blank  since  a  blank  field  is  read  as  zero. 

If  decimal  points  are  not  provided  in  the  data,  all  numbers  must  be  right 
justified  in  the  field.  Any  nimber  without  a  sign  is  considered  positive. 

Locations  of  variables  on  records  are  sometimes  referred  to  by  an 
abbreviated  designation,  such  as  JA.4  representing  the  fourth  field  of  the  JA 
record. 
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1.  HEC-5  INSERT 


1.1  J9  RECORD 


This  record  is  inserted  into  the  Water  Quantity  Simulation  input  file  and 
is  used  to  indicate  that  a  water  quality  simulation  is  to  be  performed.  If  the 
J9  record  is  absent,  no  water  quality  simulation  will  be  performed. 


FIELD  VARIABLE 
1 

2  IFLOAG 


3  I STEADY 


4  ICALIB 


VALUE  DESCRIPTION 

Not  used. 

0  No  flow  alteration  computations  will  performed. 

+  Flow  alteration  computations  will  be  performed. 

0  Annual  simulation  mode  (daily  analysis)  will  be 

used. 

+  Long  term  simulation  mode  (monthly  analysis)  will 

be  used. 

0  Calibration  mode  is  not  to  be  used. 

+  Calibration  mode  is  to  be  used. 


NOTE:  The  longer  term  simulation  mode  and  the  flow  alteration  options  are 

disabled  when  the  calibration  mode  is  being  used 
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2 .  TITLE  INFORMATION 


2.1  TI  RECORD 


Three  job  title  records  required.  Both  alphabetic  and  numeric  information 
may  be  used.  This  information  will  be  printed  as  job  titles  on  the  first  page 
of  the  water  quality  analysis  output. 


NOTE:  The  Water  Quality  Simulation  input  records  follow  the  EJ  record  of  the 
Water  Quantity  Simulation  input  file.  The  J9  record  is  inserted  into  the  Water 
Quantity  Simulation  input  file  between  the  J8/JZ  and  the  RL  records. 


Page  3  of  38 


EXHIBIT  2 


3.  JOB  CONTROL  INFORMATION 
3.1  JA  RECORD 


Required  job  control. 


FIELD 

VARIABLE 

VALUE 

DESCRIPTION 

1 

Not  used. 

2 

IDAY 

+ 

First  day  of  water  quality  simulation;  year, 
month  and  day  (e.g.,  740501).  The  first  day 
of  simulation  must  be  on  or  after  the  first 
day  of  flow  simulation  (FLOAT,  J3.3  or  BF.5). 

3 

LDAY 

+ 

Last  day  of  water  quality  simulation;  year, 
month  and  day. 

4 

NCR* 

+ 

Number  of  stream  control  points  to  be  used 
in  the  water  quality  simulation. 

5 

NRES* 

+ 

Number  of  reservoirs  used  in  the  quality 
simulation. 

6 

IC 

F 

Input  and  output  water  temperatures  are  in 
degrees  Fahrenheit. 

C 

Input  and  output  water  temperatures  are  in 
degrees  Celsius. 

7 

IPS 

0 

Do  not  print  data  transferred  between  Water 
Quantity  and  Water  Quality  Simulation  modules 

1 

Print  data  transferred  between  Water  Quantity 
and  Water  Quality  Simulation  modules  via  the 
file  interface. 

8 

IHRC 

+ 

Time  interval  in  hours  for  water  quality 
objectives  and  weights  data  (CT  Record). 

0 

No  variation  in  water  quality  objectives  and 
weights  during  any  day. 

9 

IHRG 

+ 

Time  interval  in  hours  for  gate  operation 
data  (G2  Record). 

0 

No  variation  in  gate  operation  during  any 
day. 

10 

NTS 

+ 

Maximum  number  of  time  steps  increments 
during  any  day. 
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0 


24  hour  quality  time  step  will  be  used  during 
the  simulation.  Omit  JB  cards. 


*  The  number  of  control  points  and  reservoirs  used  in  the  quality 
simulation  may  be  less  than  the  number  used  in  the  flow  simulation 
module;  however,  the  system  defined  by  the  water  quality  data  must 
represent  a  portion  of  the  larger  system  beginning  at  the  upstream 
limits.  The  number  of  reservoirs  must  include  any  dunroy  reservoirs. 
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3.2  JB  RECORD 


Optional  quality  time  step  control.  Required  if  NTS  (JA.IO)  is  greater 
than  zero.  A  maximum  of  12  periods  may  be  defined. 


FIELD 

VARIABLE 

VALUE 

DESCRIPTION 

1 

Not  used. 

2 

ITl 

+ 

Date  (year,  month  and  day)  through  which 

time  step  increments  apply. 

- 

Negative  date  indicates  final  JB  card. 

3 

ITSI(l) 

+ 

Time  step  increment^  in  hours  for  first 
quality  time  step  during  the  day. 

4 

ITSI(2) 

+ 

Time  step  increment^  in  hours  for  second 
quality  time  step  during  the  day. 

ITSI(NTS)2 


^  Time  step  increments  may  vary  throughout  the  day,  however,  they  must 
be  compatible  with  the  time  step  within  the  quantity  simulation. 
For  example,  if  the  quantity  simulation  time  steps  are  6  hours, 
quality  time  steps  of  6,  6,  6  and  6;  12  and  12;  and  6,  12  and  6 
would  all  be  acceptable.  Quality  time  steps  of  8,  8  and  8  would  not 
be  acceptable.  The  sum  of  all  values  of  ITSI  for  each  day  must 
equal  24  hours. 

2  NTS  (JA.IO)  values  are  required  for  each  period  (including  zeros  if 
fewer  than  NTS  times  steps  are  required  for  a  particular  period). 
If  NTS  is  greater  than  8,  a  continuation  of  the  JB  card  is  required 
with  ITSI (9)  being  defined  in  field  3. 
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4.  WATER  SURFACE  HEAT  EXCHANGE  DATA 


4.1  EZ  RECORD 


Required  meteorological  zone  definition.  One  record  must  precede  each 
set  of  ET  records.  Up  to  5  zones  may  be  specified. 


FIELD  VARIABLE  VALUE 


DESCRIPTION 


1 


Not  used. 


2  METZON 


3  MINT 


+  Meteorological  zone  number. 

Meteorological  zone  number.  Negative  value 
indicates  final  data  set. 

+  Meteorological  data  interval  in  hours. 

0  No  variation  in  meteorological  data  during 

the  day. 
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4.2  ET  RECORD* 


Required  weather  data.  One  set  of  ET  records  representing 
meteorological  conditions  is  required  for  each  day  of  simulation.  The 
number  of  ET  records  required  per  day  is  controlled  by  MINT  (EZ.3) 
(e.g.,  number  of  records/day  =  24/MINT). 

FIELD  VARIABLE  VALUE  DESCRIPTION 


1 

2  ITIME 

3  XTE 

4  XKE 

5  XQNS 

6  XWIND 


Not  used. 

+  Julian  date.  The  first  observation  must  be 
on  or  before  the  first  day  of  simulation 
(JA.2). 

Julian  date;  however,  the  negative  time 
denotes  the  final  ET  record.  The  final 
observation  must  be  on  or  after  the  last  day 
of  simulation  (JA.3). 

+  Equilibrium  temperature  in  degrees  Fahrenheit 
corresponding  to  ITIME  (ET.2). 

+  Coefficient  of  surface  heat  exchange  in 
BTU/sq.ft./day/“F,  corresponding  to  ITIME 
(ET.2). 

+  Short  wave  solar  radiation  in  BTU/sq.ft./day, 
corresponding  to  ITIME  {ET.2). 

+  Wind  speed  in  mph,  corresponding  to  ITIME 
(ET.2). 


*  The  ET  records  for  daily  data  can  be  easily  prepared  using  the  HEC  program 
WEATHER  (HEC,  1986)  and  HEATX  (Corps,  1974),  which  are  described  in  EXHIBIT 
5  and  6,  respectively.  For  diurnal  data,  an  undocumented  HEC  utility 
program  can  be  obtained  by  request. 
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5 .  CONSTITUENT  IDENTIFICATION  DATA 


5.1  PC  RECORD 


Required  for  constituent  identification  if  more  than  temperature  is  being 
simulated. 

FIELD  VARIABLE  VALUE  DESCRIPTION 


1  ID  QC 


2-8  CONID  1 

or 

0 


9  IPHTYO  1 


0 


Only  if  "QC"  is  inserted  in  the  first  twc  columns 
will  a  water  quality  simulation  for  constituents  other 
than  temperature  occur. 

If  C0NID=1,  the  indicated  constituent  will  be 
simulated.  There  are  seven  possible  constituents. 
Fields  2-4  are  reserved  for  conservative  constituents; 
Fields  5-7  are  reserved  for  nonconservative 
constituents.  The  eighth  field  is  reserved  for 

dissolved  oxygen.  If  dissolved  oxygen  is  simulated, 
it  is  assvimed  that  the  second  nonconservative 
constituent  is  carbonaceous  BOD  (or  other  oxygen 

consuming  material)  and  the  third  nonconservative 
constituent  is  nitrogenous  BOD  (or  other  oxygen 

consuming  material) .  If  the  third  nonconservative 
constituent  is  not  used  for  an  oxygen  consuming 

material,  the  CONID  value  (Field  7)  must  be  zero.  It 
can  not  be  used  for  a  non- oxygen  consuming  material. 

The  phytoplankton  option  will  be  used.  Under  this 
option  the  following  constituents  are  simulated. 

1.  Total  dissolved  solids 

2 .  Nitrate  as  nitrogen 

3.  Phosphate  as  phosphorus 

4 .  Phytoplankton 

5.  Carbonaceous  BOD 

6 .  Ammonia  as  nitrogen 

7 .  Dissolved  oxygen 

The  number  of  constituents  simulated  is  defined  by 
CONID  above. 


5.2  TO  RECORD 

Required  constituent  identification.  Up  to  seven  records,  each  describing  a 
water  quality  constituent  that  is  being  simulated. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1-10  CONTTL  Alphanumeric  title  for  each  constituent  that  is 

simulated.  One  record  is  inserted  for  each  constituent 
for  which  CONID  (QC  record)  equals  1.  No  TQ  record 
should  be  inserted  for  temperature.  If  the 
phytoplankton  option  is  selected,  these  records  must 
be  omitted. 
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6.  RESERVOIR  DATA 


6.1  LI  RECORD 


Required  printout  control . 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2  IPRT  +  Printout  interval.  Reservoir  simulation  results 

will  be  printed  on  those  days  when  the  Julian  date 
(Exhibit  3)  is  a  multiple  of  IPRT. 

3  IVAL  +  Printout  interval.  Reservoir  simulation  results 

will  be  printed  for  the  IVALth  space  step.  If 
IVAL=2,  results  for  every  other  reservoir  layer 
will  be  printed 
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6.2  L2  RECORD 


Required  miscellaneous  physical  constants. 


FIELD 

VARIABLE 

VALUE 

1 

IRCP 

+ 

2 

SDZ 

+ 

DESCRIPTION 


Control  point  ID  of  the  reservoir. 

Thickness  of  vertical  layer  in  feet  or  meters .  The 
thickness  of  the  elements  is  normally  about  1 
meter;  however,  thickness  less  than  1  meter  may  be 
required  to  achieve  the  correct  representation  of 
stratification.  In  some  instances,  elements  as 
thick  as  3  meters  may  be  used  if  the  reservoir  is 
deep  and  a  relatively  rough  simulation  is 
acceptable.  The  number  of  elements  is  also 
determined  by  the  element  thickness.  The  number  of 
elements  equals  the  maximum  reservoir  depth  divided 
by  SDZ.  A  maximum  of  50  elements  is  allowed.  The 
computer  time  requirement  for  the  reservoir 
simulation  is  approximately  inversely  proportional 
to  the  element  thickness  (i.e.,  proportional  to  the 
number  of  elements) . 


3  RLEN(6)  +  Effective  length  of  reservoir  in  feet  or  meters  for 

a  tandem  reservoir  only.  This  value  is  divided 
into  the  element  surface  area  to  obtain  the  width 
for  use  in  the  allocation  of  inflow  to  the 
individual  elements .  This  width  is  used  to 
allocate  inflow  from  the  upstream  reach  for  tandem 
reservoirs  only.  Width  for  other  reservoir  inflows 
is  defined  on  the  following  LR  record.  A 
discussion  of  how  this  width  is  used  to  allocate 
inflow  waters  is  provided  in  Paragraph  2.2.2. 

The  inflow  will  be  allocated  uniformly  to  all 
elements  down  to  the  level  of  like  density  within 
the  lake. 


EDMAX  +  Mean  Secchi  disk  reading  in  feet  or  meters  during 

the  period  when  the  reservoir  is  stratified.  The 
Secchi  disk  depth  is  the  measure  of  light 
transparency.  It  effects  the  distribution  of  light 
energy  with  depth  and  influences  the  location  of 
the  thermocline. 

XQPCT  +  Fraction  of  the  solar  radiation  absorbed  in  the  top 

XQDEP  (L2.6)  depth.  Usually  XQPCT  =  .265  (.087  - 

.73  In  EDMAX^^^g^^)  +  .614. 
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6.2  L2  RECORD  (continued) 


FIELD  VARIABLE  VALUE 


DESCRIPTION 


6  XQDEP 


7  METL 


+  Depth  in  which  XQPCT  (L2.5)  of  the  solar  radiation 

is  absorbed  in  feet  or  meters  (usually  .6  m  or 
1.9686  ft). 

+  Meteorological  zone  number.  Must  be  one  of  the 

values  of  METZON  (EZ.2). 


NOTE:  Records  L2  through  DK  should  be  repeated  successively  in  contiguous 
groups  for  each  reservoir  in  the  system  being  simulated  by  the  water  quality 
simulation  module.  A  reservoir  is  required  above  each  upstream  reach.  An 
upstream  reservoir,  however,  may  be  a  dummy  which  only  identifies  the  control 
point  and  tributary  identification  number  (e.g.,  only  L2  and  LR  required). 
When  a  J5  record  is  inserted  in  the  Water  Quantity  Simulation  input  file,  the 
standard  reservoir  quality  data  need  not  be  altered.  All  unnecessary  data  will 
be  skipped. 
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6.3  LR  RECORD 


Required  tributary  identification  and  effective  reservoir  length. 
Zero  through  five  tributary  inflows  and  return  flow  increments  are 
allowed  at  each  reservoir  in  addition  to  the  inflow  from  the  upstream 
section  for  tandem  reservoirs  (L2.3).  The  same  tributary  identification 
may  be  used  for  more  than  one  reservoir  or  stream  location.  This  allows 
the  user  to  input  the  same  flow  fraction  and  quality  to  any  number  of 
reservoirs  or  stream  location.  Up  to  50  inflow  types  may  be  assigned, 
including  inflow  to  tandem  reservoirs  from  upstream  reaches.  Each  tan¬ 
dem  reservoir  and  each  return  flow  reduces  the  number  of  allowable 
tributary  identifications  by  one  (e.g.,  four  tandem  reservoirs  and  two 
return  flows  would  make  the  maximum  allowable  value  of  NRREF=44.  The 
reduction  due  to  return  flow  is  in  addition  to  the  return  flow  incre¬ 
ments  specified  by  a  negative  tributary  identification). 


FIELD  VARIABLE  VALUE  DESCRIPTION 


1  NRREF(1,I)  +  Tributary  identification  number.  This 

number  relates  the  tributary  to  the  in¬ 
flow  quality  data  (records  12  through 
14)  (e.g.,  NRREF=2  would  indicate  the 
second  inflow  data  set  would  apply  to 
this  tributary). 


2  RLENd.l)  + 

3. 5. 7. 9  NRREF(2-5,I)  +,- 

4.6.8.10  NRLEN(I,2-5)  + 


Tributary  identification  number  for 
return  flow  to  the  reservoir.  The  tem¬ 
perature  and  quality  entered  on  the  13 
or  14  records  will  be  treated  as  an 
increment  to  the  ambient  quality,  com¬ 
puted  at  the  end  of  the  previous  time 
step  at  the  point  of  withdrawal  (DRTFR, 
DR.l).  A  negative  value  must  be 
entered  if  the  reservoir  is  specified 
in  field  2  on  any  DR  card.  If  a  dummy 
reservoir  heads  a  reach  (i.e.,  reser¬ 
voir  removed  by  a  J5  record),  the  nega¬ 
tive  tributary  identification  must 
appear  in  field  3.  Field  1  is  reserved 
for  a  normal  tributary  which  will  be 
ignored  if  the  local  flow  is  zero. 

Effective  reservoir  length  in  feet  or 
meters  at  the  inflow  location  (see 
L2.3). 

Tributary  identification  numbers  for 
remaining  tributaries  and  returns. 

Effective  reservoir  lengths  for  remain¬ 
ing  tributaries  and  returns. 
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6.4  L3  RECORD 


Effective  diffusion,  stability  method  only;  one  L3  record  or  one  LA  record, 
but  not  both,  is  required.  A  discussion  of  theory  and  typical  data  values  are 
provided  in  Paragraph  2.2.4. 


FIELD  VARIABLE  VALUE  DESCRIPTION 


1 


Not  used. 


2  GMIN 


3  GSWH 

4  A1 


5 


+  Water  coliomn  minimum  stability  in  kg/cu . m . /water . 

The  water  coltimn  minimum  stability  is  the  density 
gradient  below  which  mixing  of  the  water  column 
will  occur.  The  value  is  usually  between  0  and 
0.01  kg/mVnieter.  Larger  positive  values 

will  cause  the  thermocline  to  form  more  quickly 
and  delay  destratification. 

+  Water  coltunn  critical  stability  in  kg/cu. m. /meter . 

+  Diffusion  coefficient  when  the  water  column 

stability  is  less  than  GSWH  (L3.3)  in 
sq.m. /second. 

Not  used. 


6  A3 


Empirical  constant  for  computing  diffusion 

coefficients  based  on  density  gradients. 
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6.5  L4  RECORD 


Effective  diffusion,  wind  method  only;  one  L3  or  one  L4  record,  but  not 
both,  is  required.  A  discussion  of  theory  and  typical  data  values  are  provided 
in  Paragraph  2.2.4. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2  GMIN  +  Water  column  minimum  stability  in  kg/cu.m. /meter . 

The  water  column  minimum  stability  is  the  density 
gradient  below  which  mixing  of  the  water  column 
will  occur.  The  value  is  usually  between  zero  and 
0.01  kg/mVmeter.  Larger  positive  values 

will  cause  the  thermocline  to  form  more  quickly 
and  delay  destratification. 

3  GSWH  +  Minimum  allowable  diffusion  coefficient  in 

sq .m. /second. 

4  A1  +  Empirical  constant  for  computing  diffusion 

coefficients  based  on  wind  speed. 

5  A2  +  Empirical  constant  for  computing  diffusion 

coefficients  based  on  wind  speed. 

6  A3  +  Maximum  allowable  diffusion  coefficient,  in 

sq.m. /second. 

6.6  L5  RECORD 

Flood  control  outlet  characteristics;  optional  record  but  at  least  one  L5, 
L6  or  L7  record  is  required. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  WOUT  +  Virtual  width  of  the  flood  control  outlet  in  feet 

or  meters.  The  virtual  width  is  the  actual  outlet 
area  divided  by  the  depth  of  a  vertical  layer,  SDZ 
(L2.2). 

2  QSMAX  +  Maximum  allowable  flow  rate  through  the  flood 

control  outlet  in  cfs  or  mVsec. 

3  ELDP  +  Center-line  elevation  of  the  flood  control  outlet 

in  feet  or  meters .  The  lowest  elevation  specified 
on  the  L5,  L6  and  L7  records  must  be  greater  than 
the  minimum  elevation  of  the  reservoir  elevation 
table  (RE. 2). 
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6.7  L6  RECORD 


Uncontrolled  spillway  characteristics;  optional  record  but  at  least  one  L5, 
L6  or  L7  record  is  required. 


FIELD 

VARIABLE 

VALUE 

DESCRIPTION 

1 

WOUT 

+ 

Virtual  width  of  the  uncontrolled  spillway  in  feet 
or  meters .  The  virtual  width  is  the  actual  outlet 
area  divided  by  the  depth  of  a  vertical  layer,  SDZ 
(L2.2). 

2 

QSMAX 

+ 

Maximum  allowable  flow  rate  over  the  uncontrolled 
spillway  in  cfs  or  mVsec. 

3 

ELSP 

+ 

Center- line  elevation  of  the  uncontrolled  spillway 
in  feet  or  meters .  The  lowest  elevation  specified 
on  the  L5,  L6  and  L7  records  must  be  greater  than 
the  minimum  elevation  of  the  reservoir  elevation 
table  (RE. 2). 

6.8  L7  RECORD 


Wet  well  characteristics  (a  maximum  of  two  wet  wells  is  allowed) .  Optional 
record  but  at  least  one  L5,  L6  or  L7  record  is  required. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  WOUT  +  Virtual  width  of  each  wet  well  port  in  feet  or 

meters.  The  virtual  width  is  the  actual  outlet 
area  divided  by  the  depth  of  a  vertical  layer,  SDZ 
(L2.2).  All  ports  within  a  single  wet  well  are 
assumed  to  have  the  same  virtual  width. 

2  QWMAX  +  Maximum  discharge  through  the  wet  well  structure 

with  one  port  open  in  cfs  or  mVsec . 

3-10  ELWW  +  Center- line  elevations  of  the  wet  well  ports  in 

feet  or  meters  beginning  with  the  lowest  port  and 
progressing  to  the  highest.  The  lowest  elevation 
specified  on  the  L5,  L6  and  L7  cards  must  be 
greater  than  the  minimum  elevation  of  the 
reservoir  elevation  table  (RE. 2). 
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6.9  L8  RECORD 


Required  reservoir  widths . 


FIELD 


1 

2-10 

(RE. 2  -  RE.  10)  in  feet  or  meters  (normally  the  dam 
width  at  elevation  EL).  NK  (RE.l)  values. 

Use  a  second  L8  record  if  more  than  9  widths  are 
required. 


VARIABLE  VALUE 


WIDE 


DESCRIPTION 

Not  used. 

Effective  reservoir  withdrawal  width  at  elevations  EL 


6.10  PL  RECORD 

Required  outlet  constituent  suboptimization  objective  function  parameters. 

One  PL  record  is  required  for  temperature  and  additional  water  quality 
constituent  being  simulated. 

PL  records  must  appear  in  the  order  specified  on  the  QC  record. 


FIELD  VARIABLE  VALUE  DESCRIPTION 

1  WEIT  0  The  parameter  will  not  be  considered  in  the  outlet 

quality  optimization. 

+  Relative  weight  between  parameters  for  outlet 

regulation  optimization. 

2-7  PLYNML  +  or  -  a  through  f  values  for  outlet  constituent 

suboptimization  objective  function  parameters.  A 
discussion  of  the  parameters  for  the  outlet 

constituent  suboptimization  is  provided  in  Paragraph 
2.6.3. 


6.11  L9  RECORD* 

Required  initial  reservoir  temperature  profile. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  TEMl  +  Initial  reservoir  temperature  at  elevations  EL  (RE. 2 

-  RE. 10)  in  degrees  Fahrenheit  or  Celsius.  NK  (RE.l) 
values . 

Use  a  second  L9  record  if  more  than  9  values  are 
required. 
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6 . 12  Cl  RECORD* 


Initial  reservoir  conservative  constituent  #1  profile;  required  record  if 
CONID(l)  =  1  (QC.2)  or  required  IDS  profile  if  IPHYTO  =  1  (QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  C0NS(1,J)  +  Initial  concentrations  for  conservative 

constituent  #1  or  TDS ,  in  appropriate  units,  at 
elevations  EL  (RE. 2  -  RE. 10).  NK  (RE.l)  values. 

Use  a  second  Cl  record  if  more  than  9  values  are 
required. 

6.13  C2  RECORD* 

Initial  reservoir  conservative  constituent  #2  profile ;  required  record  if 
C0NID(2)  =  1  (QC.3)  or  required  nitrate -nitrogen  profile  if  IPHYTO  =  1  (QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  C0NS(2,J)  +  Initial  concentrations  for  conservative 

constituent  #2  or  nitrate-nitrogen,  in  appropriate 
units,  at  elevation  EL  (RE. 2  -  RE. 10).  NK  (RE.l) 
values . 

Use  a  second  C2  record  if  more  than  9  values  are 
required. 

6 . 14  C3  RECORD* 

Initial  reservoir  conservative  constituent  #3  profile;  required  record  if 
C0NID(3)  =  1  (QC.4)  or  required  phosphate -phosphorus  profile  if  IPHYTO  =  1 

(QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  CONS(3,J)  +  Initial  concentrations  for  conservative 

constituent  #3  or  phosphate -phosphorus ,  in 
appropriate  units,  at  elevations  EL  (RE. 2 
RE. 10).  NK  (RE.l)  values. 

Use  a  second  C3  record  if  more  than  9  values  are 
required. 

*The  initial  constituent  concentration  for  the  top  elevation  EL  must  be  for  a 
level  such  that  the  difference  between  the  top  EL  and  the  bottom  EL  is  evenly 
divisible  by  SDZ  (L2.2). 
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6 . 15  C4  RECORD* 


Initial  reservoir  nonconservative  constituent  #1  profile;  required  record 
if  C0NID(4)  =  1  (QC.5)  or' required  phytoplankton  profile  if  IPHYTO  =  1  (QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  CONNON(J)  +  Initial  concentrations  for  nonconservative 

constituent  #1  or  phytoplankton,  in  appropriate 
units,  at  elevations  (RE. 2  -  RE. 10).  NK  (RE.l) 

values . 

Use  a  second  C4  record  if  more  than  9  values  are 
required. 

6 . 16  C5  RECORD* 

Initial  reservoir  nonconservative  constituent  #2  profile;  required  record 
if  C0NID(5)  =  1  (QC.6)  or  required  carbonaceous  BOD  profile  if  IPHYTO  =  1 

(QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  CBOD(J)  +  Initial  concentrations  for  nonconservative 

constituent  #2  or  carbonaceous  BOD,  in  appropriate 
units,  at  elevations  EL  (RE. 2  -  RE. 10).  NK  (RE.l) 
values . 

Use  a  second  C5  record  if  more  than  9  values  are 
required. 

6 . 17  C6  RECORD* 

Initial  reservoir  nonconservative  constituent  #3  profile;  required  record 
if  CONID(6)  =  1  (QC.7)  or  required  ammonia-nitrogen  profile  if  IPHYTO  =  1 

(QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  BODN(J)  +  Initial  concentrations  for  nonconservative 

constituent  #3  or  ammonia-nitrogen,  in  appropriate 
units,  at  elevations  EL(RE.2  -  RE. 10).  NK  (RE.l) 
values . 

Use  a  second  C6  record  if  more  than  9  values  are 
required. 

■*The  initial  constituent  concentration  for  the  top  elevation  EL  must  be  for  a 
level  such  that  the  difference  between  the  top  EL  and  the  bottom  EL  is  evenly 
divisible  by  SDZ  (L2.2). 
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6 . 18  C7  RECORD* 


Initial  reservoir  dissolved  oxygen  profile;  required  record  if  C0NID(7)  =  1 
(QC.8)  or  IPHYTO  =  1  (QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  OXY(J)  -1-  Initial  concentrations  for  dissolved  oxygen,  in 

milligrams  per  liter,  at  elevations  EL  (RE. 2  - 
RE. 10).  NK  (RE.l)  values. 

Use  a  second  C7  record  if  more  than  9  values  are 
required. 

6.19  SA  RECORD 

Dissolved  oxygen  benthic  demand  profile;  required  record  if  C0NID(7)  = 
1(QC.8)  or  IPHYTO  =  1  (QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  SSOXY(J)  -I-  Rate  at  which  dissolved  oxygen  is  consumed  by  the 

decay  of  benthic  material  in  mg/m^/day  at 

elevations  EL  (RE. 2  -  RE. 10).  NK  (RE.l)  values. 

Use  a  second  SA  record  if  more  than  9  values  are 
required. 

6.20  SB  RECORD 

Ammonia-nitrogen  benthic  source  profile;  required  record  if  IPHYT0=1(QC.9)  . 
FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  SSNH3(J)  +  Rate  at  which  ammonia-nitrogen  is  released  by  the 

decay  of  benthic  material  in  mg/m^/day  at 

elevations  EL  (RE. 2  -  RE. 10).  NK  (RE.l)  values. 

Use  a  second  SB  record  is  more  than  9  values  are 
required. 


*The  initial  constituent  concentration  for  the  top  elevation  EL  must  be  for  a 
level  such  that  the  difference  between  the  top  EL  and  the  bottom  EL  is  evenly 
divisible  by  SDZ  (L2.2). 
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6.21  SC  RECORD 


Phosphate -phosphorous  benthic  source  profile;  required  record  if  IPHTYO  = 


1(QC.9). 

FIELD 

VARIABLE  VALUE 

DESCRIPTION 

1 

Not  used. 

2-10 

SSP04(J)  -1- 

Rate  at  which  phosphate -phosphorus  is  released  by 
the  decay  of  benthic  material  in  mg/mVday 

at  elevations  EL  (RE. 2  -  RE. 10).  NK  (RE.l) 

values . 

Use  a  second  SC  record  if  more  than  9  values  are 
required. 

EXHIBIT  2 
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6.22  K1  RECORD 


Phytoplankton  model  coefficients;  required  if  IPHYT0=1(QC . 9) . 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2  PMAX  +  Phytoplankton  maximum  growth  rate  in  1/day. 

-1  Default  is  2.0. 

3  PRESP  +  Phytoplankton  respiration  rate  in  1/day. 

-1  Default  is  0.15. 

4  PSETL  +  Phytoplankton  settling  velocity  in  meters/day. 

-1  Default  is  0.15. 

5  PS2L  +  Light  half  saturation  constant  for  algae  growth  in 

kcal/mVsec . 

-1  Default  of  0.0035. 

6  PS2N  +  Nitrogen  half  saturation  constant  for  algae  growth 

in  mg/1. 

-1  Default  of  0.06. 

7  PS2P  +  Phosphorus  half  saturation  constant  for  algae 

growth  in  mg/1. 

-1  Default  of  0.03. 

8  EXTINP  +  Phytoplankton  shading/light  attenuation  constant 

1/m/mg/l. 

-1  Default  of  0.2. 

9  XLAT  +  Latitude  of  the  reservoir  in  degrees . 
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6.23  K2  RECORD 


Phytoplankton  model  coefficients;  required  if  IPHYTO  =  1(QC.9). 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  PM0RT(l-9)  -1-  Phytoplankton  mortality  rate  for  January  through 

September  in  1/day.  The  mortality  rate  is 
designed  to  account  for  zooplankton  grazing, 
chemical  treatment  and  other  factors  which  affect 
phytoplankton  adversely. 

Use  a  second  K2  record  for  October,  November  and 
December  mortality  rates  in  Fields  2-4. 

6.24  K3  RECORD 


Phytoplankton  model  coefficients;  required  if  IPHYT0=1(QC . 9) . 


FIELD 

VARIABLE 

VALUE 

DESCRIPTION 

1 

Not  used. 

2 

ALGTl 

+ 

Lower  temperature 
will  grow  at  0.1 
Celsius . 

limit  at  which  phytoplankton 
of  their  maximum  rate  in  degrees 

-1 

Default  of  5. 

3 

ALGT2 

+ 

Lower  temperature 
will  grow  at  0.98 
Celsius. 

limit  at  which  phytoplankton 
of  their  maximum  rate  in  degrees 

-1 

Default  of  22. 

4 

ALGT3 

+ 

Upper  temperature 
will  grow  at  0.98 
Celsius . 

limit  at  which  phytoplankton 
of  their  maximum  rate  in  degrees 

-1 

Default  of  30. 

5 

ALGT4 

+ 

Upper  temperature 
will  grow  at  0.1 
Celsius . 

limit  at  which  phytoplankton 
of  their  maximum  rate  in  degrees 

-1 

Default  of  40. 

EXHIBIT  2 
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6.25  DK  RECORD 

Decay  coefficients  and  settling  rate  controls  for  reservoirs.  This 
record  is  required  only  if  constituents  other  than  temperature  are  being 
simulated. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2  UNCNDK  +  Decay  rate  at  20“ C  standard  temperature  for 

nonconservative  constituent  #1  in  reservoir 
waters.  Will  be  set  to  zero  under  the 
phytoplankton  option. 

3  boDDK  +  Decay  rate  at  20“ C  standard  temperature  for 

nonconservative  constituent  #2  (carbonaceous 
BOD  or  oxygen  demanding  material  #1)  in 
reservoir  waters  (usually  0.1). 

4  BODNDK  +  Decay  rate  at  20“ C  standard  temperature  for 

nonconservative  constituent  #3  (nitrogenous 
BOD  or  oxygen  demanding  material  #2  or 
ammonia  decay  rate  under  the  phytoplankton 
option)  in  reservoir  waters  (usually  0.05). 

5  CONVRl  +  Factor  to  convert  input  nonconservative 

constituent  #2  concentrations  to  ultimate 
oxygen  demand  if  dissolved  oxygen  is  being 
simulated.  The  value  of  CONVRl  depends  on 
the  constituent  being  represented.  If 
ultimate  carbonaceous  BOD  is  represented, 
CONVRl  should  be  1.0.  If  5-day  carbonaceous 
BOD  is  represented,  CONVRl  should  be  1.463 
(default)  which  assumes  a  bottle  BOD  decay 
rate  of  0.23  per  day. 

6  C0NVR2  +  Factor  to  convert  input  nonconservative 

constituent  #3  concentrations  to  ultimate 
oxygen  demand  if  dissolved  oxygen  is  being 
simulated.  The  value  of  C0NVR2  depends  on 
the  constituent  being  represented.  C0NVR2 
should  be  1.0  for  ultimate  nitrogeneous  BOD, 
2.54  (default)  for  5-day  NBOD  (assuming 
bottle  decay  rate  of  0.1  per  day),  and  4.57 
for  ammoni a. 

7-10  NXC  0  Not  a  particulate  parameter. 

1  Read  settling  rates  and  light  extraction 

coefficients.  Settling  rates  and  extinction 
coefficient  may  be  specified  for  each 
conservative  parameter  (NXCl,  NXC2  and 
NXC3),  and  the  first  nonconservative 
parameter  (NXC4)  to  represent  three 
inorganic  and  one  organic  particulate 
parameter.  One  DS  record  is  required  for 
each  positive  value. 
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6.25a  DS  RECORD 


Suspended  Solids  Settling  Rate  and  Light  Extraction  Coefficient* 
One  record  is  required  for  each  non  zero  value  of  NXC  (DK.7-10). 


FIELD 

1 

VARIABLE 

VALUE 

DESCRIPTION 

Not  used. 

2 

Tl(l) 

Three  pairs  of  settling  velocity  in  cm/sec 

3 

T2(l) 

(Tl)  versus  temperature  in  ®C  (T2)  for 

4 

Tl(2) 

suspended  solids.  These  three  points  define 

5 

T2(2) 

+ 

the  curve  from  which  settling  velocities  wil 

6 

Tl(3) 

be  calculated  for  the  ambient  water 

7 

T2(3) 

temperature. 

8 

EXTINC 

+ 

Shading/light  attenuation  constant  in 
1/m/mg/l.  This  constant  relates  light 
energy  attenuation  within  the  reservoir  to 
the  particulate  material  concentration. 

*  Settling  rates  and  light  attenuation  constants  for  inorganic  solids 
vary  with  particle  size.  Typical  value  recommendations  by  Dr.  Michael 
Gee,  HEC,  are  tabulated  below.  Volatile  solids  of  similar  size  will 
have  lower  settling  velocities  due  to  smaller  densities. 


Class 

Particle 

Size 

(mm) 

Temperature* 

(X) 

Settling 

Velocity* 

(cm/sec) 

Li  ght 

Attenuation 

Constant 

(1/m/mg/l) 

Colloidal 

.001 

— 

0.000 

.20-. 50 

Very  fine 

.004-. 008 

5 

0.006 

.10-. 20 

silt 

20 

0.008 

35 

0.010 

Fine  silt 

.008-. 016 

5 

0.012 

.05-. 10 

20 

0.019 

35 

0.024 

Medium  silt 

.016-. 031 

5 

0.041 

.02-. 05 

20 

0.068 

35 

0.086 

Coarse  silt 

.031-. 0625 

5 

0.110 

.01-. 02 

20 

0.180 

35 

0.230 
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6.26  CR  RECORD 


Thermal  correction  factors.  The  CR  record  is  required  only  if  constituents 
other  than  temperature  are  being  simulated.  These  factors  adjust  the  decay 
rates  and  reaeration  rates  for  ambient  temperatures  other  than  20° C.  These 
factors  apply  to  both  reservoir  and  stream  computations. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2  QUNCON  +  Thermal  correction  factor  for  nonconservative 

constituent  #1  decay  rate. 

-1  Default  is  1.047. 

3  QCBOD  +  Thermal  correction  factor  for  nonconservative 

constituent  #2  (or  carbonaceous  BOD  or  oxygen 
demanding  #1)  decay  rate. 

-1  Default  of  1.047. 

4  QNBOD  +  Thermal  correction  factor  for  nonconservative 

constituent  #3  (or  nitrogenous  BOD  or  oxygen 
demanding  material  #2)  decay  rate. 

-1  Default  of  1.047. 

5  QREAIR  +  Thermal  correction  factor  for  dissolved  oxygen 

reaeration  rate. 

-1  Default  of  1.0159. 
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7  STREAM  DATA 


7.1  SI  RECORD 


Required  stream  data  controls. 


FIELD  VARIABLE  VALUE  DESCRIPTION 


1 

2  IPRT 

3  IVAL 

4  IGEDA 


Not  used. 

+  Temporal  printout  interval.  Stream  simulation 

results  will  be  printed  on  those  days  when  the 
Julian  date  (Exhibit  3)  is  a  multiple  of  IPRT. 

+  Spatial  printout  interval.  If  IVAL  =  1,  computed 

results  will  be  printed  for  every  stream  volume 
element.  If  IVAL  =  2,  computed  results  will  be 

printed  for  every  other  volume  element. 

(Recommended  value:  +1.) 

1  Stream  channel  cross  section  geometry  data  will  be 

printed.  These  are  needed  to  evaluate  stream 
hydraulic  computations  for  depth. 


5  NBPP 


0  Channel  geometry  data  will  not  be  printed. 

+  Ntimber  of  input  channel  cross  section  geometry 

tables;  minimum  of  2  and  maximum  of  300. 


6  NELEV 

7  VWR 


+  Number  of  elevations  defining  the  channel  cross 

section  data;  minimum  of  2  and  maximum  of  21. 

+  Scaling  factor  (default  value  of  1.0)  to  adjust 

all  channel  cross  section  widths. 
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7.2  S2  RECORD 


Reach  definition  and  local  inflow  location.  One  record  is  required  for  each 
reach  (i.e.,  1=1,  NREACH) .  A  stream  reach  is  defined  as  any  stream  segment 
bounded  by  two  control  points.  The  reach  that  contains  a  reservoir,  in  a  tandem 
reservoir  system,  should  be  characterized  by  a  required  blank  S2  record. 


FIELD 

VARIABLE 

VALUE 

1 

ICP(1,I) 

+ 

2 

RCP(1,I) 

+ 

3 

ICP(2,I) 

+ 

4 

RCP(2,I) 

+ 

5 

ELEN(I) 

+ 

6 

RQKl.I)^ 

+ 

DESCRIPTION 


Control  point  number  at  the  upstream  end  of  Reach  I. 

River  mile  or  kilometer  at  the  upstream  end  of  Reach 
I. 

Control  point  number  at  the  downstream  end  of  Reach 
I. 

River  mile  or  kilometer  at  the  downstream  end  of  Reach 
I. 

Length  of  stream  elements  for  Reach  1 .  The  stream 
element  length  must  be  such  that  there  are  at  least 
two  computational  elements  in  each  reach  and  not  more 
than  49.  All  stream  reaches  ending  at  the  upstream 
end  of  a  tandem  reservoir  must  end  with  a  control 
point  that  is  not  the  confluence  of  two  streams 
(junction  control  point). 

River  mile  or  kilometer  location  of  local  inflow 
point. 


7  NSREF(1,I)^  +  Tributary  identification  number  for  inflow  at 

location  RQI( 1,1)  (S2.6). 


^The  local  flow  (i.e.  ,  local  flow  for  control  point  ICP(2,I),  S2.3)  may  be 
allocated  to  three  locations  within  the  reach.  The  location  of  the  first  two 
local  inflow  points  are  specified  by  RQI.  The  third  (i.e.,  NSREF(3,I),  S2.10) 
is  allocated  at  location  RCP(2,I),  S2.4.  The  same  tributary  identification  may 
be  used  for  more  than  one  stream  inflow  location  or  reservoir  inflow.  This  allows 
the  user  to  input  the  same  flow  fraction  and  quality  at  any  number  of  stream 
locations  and  reservoirs.  Up  to  50  inflow  types  may  be  assigned,  including  inflow 
to  tandem  reservoirs  from  upstream  reaches .  Each  tandem  reservoir  reduces  the 
number  of  allowable  tributary  identifications  by  one  (e.g.,  4  tandem  reservoirs 
would  make  the  maximum  allowable  value  of  NSREF  -  46) . 
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7.2  S2  RECORD  (continued) 


FIELD  VARIABLE  VALUE  DESCRIPTION 

8  RQI{2,I)1  +  River  mile  or  kilometer  location  of 

local  inflow  point. 

9  RSREF(2,I)^  +  Tributary  identification  number  for 

inflow  at  location  RQI{2,I)  (S2.8). 

10  NSREF{3,I)^  +  Tributary  identification  number  for 

inflow  at  the  downstream  control  point 
ICP(2,I)  (S2.3). 

Tributary  identification  number  for 
return  flow  to  the  downstream  control 
point.  The  temperature  and  quality 
entered  on  the  13  or  14  records  will  be 
treated  as  an  increment  to  the  ambient 
quality  computed  at  the  end  of  the 
previous  time  step  at  the  point  of 
withdrawal  (DRTFR.DR.l).  A  negative 
value  must  be  entered  if  the  control 
point  is  specified  in  field  2  on  any  DR 
record. 


1  The  local  flow  (i.e.,  local  flow  for  control  point  ICP{2,I),  S2.3)  may 
be  allocated  to  three  locations  within  the  reach.  The  location  of  the 
first  two  local  inflow  points  are  specified  by  RQI.  The  third  (i.e., 
NSREF(3,I),  S2.10)  is  allocated  at  location  RCP{2,I),  S2.4.  If  a 
return  flow  is  indicated  by  a  negative  value  of  NSREF(3,I)  (S2.10), 
the  location  of  normal  tributaries  (maximum  of  2)  must  be  specified  by 
RQI.  The  same  tributary  identification  may  be  used  for  more  than  one 
stream  inflow  location  or  reservoir  inflow.  This  allows  the  user  to 
input  the  same  flow  fraction  and  quality  at  any  number  of  stream  loca¬ 
tions  and  reservoirs.  Up  to  50  inflow  types  may  be  assigned,  includ¬ 
ing  inflow  to  tandem  reservoirs  from  upstream  reaches.  Each  tandem 
reservoir  reduces  the  number  of  allowable  tributary  identifications  by 
one  (e.g.,  four  tandem  reservoirs  and  two  return  flows  would  make  the 
maximum  allowable  value  of  NRREF=44.  The  reduction  due  to  return  flow 
is  in  addition  to  the  return  flow  increments  specified  by  a  negative 
tributary  identification). 
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7.3  SR  RECORD 


Required  reaeration  option,  meteorological  zone  definition  and 
diffusion  coefficient  specification 

FIELD  VARIABLE  VALUE  DESCRIPTION 


1  LI 

2  L2 

3  METZON 

4  KZOPP 


5  RK2MI 


6  RK2 

7  DCC 


+  Upstream  control  point  from  which  data 
apply. 

Upstream  control  point.  Negative  value 
indicates  final  SR  record. 

+  Downstream  control  point  to  which  data 
apply. 

+  Meteorological  zone  number.  Must  be 
one  of  the  values  of  METZON  (EZ.2). 

+  Oxygen  reaeration  control.  One  of  the 

following  may  be  specified; 

1  Churchill,  et  al. 

2  O'Conner  and  Dobbins 

3  Owens,  et  al. 

4  Langbien  and  Durum 

5  Thackston  and  Krenkel 

6  Tsivoglou  and  Wallace 

7  Input  reaeration  coefficient  directly. 

One  or  more  SK  records  wi  1 1  be 
required. 

8  Reduce  oxygen  deficit  at  location  RK2MI 
(SR. 5)  by  the  fraction  RK2  (SR. 6) 

+  Location  where  the  oxygen  deficit  will 

be  reduced  by  the  fraction  RK2.  If  the 
reduction  in  the  oxygen  deficit  is 
desired  at  a  control  point,  the  input 
location  should  be  slightly  below  and 
upstream  control  point  or  slightly 
above  a  downstream  control  point. 

0  KZOPP  (SR. 4)  is  other  than  8. 

+  Fraction  by  which  the  oxygen  deficit 

will  be  reduced. 

0  KZOPP  (SR. 4)  is  other  than  8. 

+  Diffusion  coefficient  in  ft^/sec  or 

nr /sec.  This  coefficient  will  apply  to 
all  stream  elements  between  Ll(SR.l) 
and  L2(SR.2). 

0  No  diffusion  between  stream  elements. 
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SK  RECORD 


Element  reaeration  coefficient  definition.  SK  records  are 
required  following  any  SR  record  for  which  direct  input  of  the 
reaeration  coefficient  is  specified  (KZ0PP=7,  SR. 4).  Nine  values 
may  be  specified  per  SK  record.  Repeat  as  necessary  to  define 
all  elements  bounded  by  LI  and  L2  (SR.l  and  SR.2) . 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  SK2  +  Reaeration  coefficient,  1/day, 

for  each  element. 
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7.5  S3  RECORD* 


Channel  cross  section  geometry.  NELEV  (SI. 6)  records  are  required  for  each 
of  NBPP  (SI. 5)  cross  sections. 


Records  must  be  in  upstream  to  downstream  order,  with  a  minimum  of  one 
cross  section  for  each  control  point.  At  control  points  making  the  confluence 
of  a  tributary  stream  branch,  a  cross  section  must  be  provided  for  both  the 
mainstem  and  the  terminus  of  the  tributary  stream  branch.  Intermediate  cross 
sections  may  be  furnished.  For  parallel  systems,  cross  section  data  are 
ordered  from  the  most  upstream  mainstem  control  point  to,  and  including,  the 
confluence  control  point;  then  tributary  control  point  cross  section  data  are 
entered.  Following  the  tributary  cross  section  data,  the  cross  section  data 
for  the  mainstem  downstream  of  the  control  point  at  the  confluence  are  entered. 


FIELD  VARIABLE  VALUE  DESCRIPTION 


1  NCPX 

2  XMX 

3  ELEV 

4  A 

5  R23 

6  WD 

7  AMAN 

8  QST 


+  Control  point  at  the  cross  section  or  the  first 

control  point  downstream  for  cross  sections  not  at 
a  control  point.  The  NCPX  is  required  on  only  the 
first  record  of  the  data  for  each  cross  section. 

+  River  mile  or  kilometer  location  of  cross  section. 

+  Elevation  in  feet  or  meters .  The  elevation 

increments  (between  layers)  must  be  identical  on 
all  cross  sections. 

+  Cross  section  flow  area  in  sq.  ft.  or  sq.  m.  below 

elevation  ELEV  (S3. 2). 

+  Hydraulic  radius  to  the  2/3  power  at  elevation 

ELEV  (S3. 2). 

+  Surface  width  in  feet  or  meters  at  elevation 

ELEV.  All  cross  section  widths  will  be  multiplied 
by  VWR  (SI. 7) . 

+  Manning's  n  at  elevation  ELEV  (S3. 2). 

+  Flow  in  cfs  of  m®/sec  at  elevation  ELEV 

(S3. 3).  If  QST  is  left  blank,  the  flow  will  be 
computed  assuming  normal  depth. 


NOTE:  Dimension  limitations  are  50  cross  sections  per  reach  (between  2 

adjacent  control  points)  and  300  cross  sections  per  job. 


*The  S3  records  can  be  easily  prepared  using  HEC  program  GEDA  [HEC  1981]  which 
is  described  in  Exhibit  5. 
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7.6  S4  RECORD 


Required  energy  grade  line  elevation.  S4  records  should  be  ordered  as 
described  on  the  previous  page  for  the  S3  records. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2-10  ELEV  +  Stream  channel  energy  grade  line  elevation  in  feet 

or  meters  at  each  channel  cross  section. 
Elevation  must  be  input  in  the  same  order  as  the 
S3  record  sets  (i.e.  upstream  to  downstream). 
Repeat  S4  record  as  necessary  to  input  NBPP  (SI. 5) 
elevations .  Invert  elevations  may  be  used  as  an 
approximation  of  the  energy  grade  line  elevations 
if  normal  flow  conditions  prevail  throughout  the 
stream  section.  Elevations  which  result  in 
negative  slopes  are  not  allowed. 
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7.7  KR  RECORD 


Decay  coefficients  for  streams.  These  records  are  required  only  if 
nonconservative  constituents  other  than  temperature  are  being  simulated.  One 
record  should  appear  for  each  stream  reach. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2  UNCONDK  +  Decay  rate  for  nonconservative  constituent  #1  at 

standard  temperature  of  20° C. 

0  Phytoplankton  option. 

3  BODCDK  +  Decay  rate  for  nonconservative  constituent  #2  at 

standard  temperature  of  20°C. 

4  BODNDK  +  Decay  rate  for  nonconservative  constituent  #3  (ammonia 

under  phytoplankton  option)  at  standard  temperature 
of  20°C. 

5  CONVRl  +  Factor  to  convert  input  nonconservative  constituent 

#2  concentrations  to  ultimate  oxygen  demand.  If 
dissolved  oxygen  is  not  being  simulated,  a  value  of 
1.0  must  appear.  If  dissolved  oxygen  is  being 
simulated,  the  value  of  CONVRl  depends  on  the 
constituent  represented  by  nonconservative  constituent 
#2.  If  ultimate  carbonaceous  BOD  is  represented, 
CONVRl  should  be  1.0.  If  5 -day  carbonaceous  BOD  is 
represented,  CONVRl  should  be  1  .463.  This  factor 
assumes  a  bottle  BOD  decay  rate  K1  of  0.23  per  day. 

6  CONVR2  +  Factor  to  convert  input  nonconservative  constituent 

#3  concentrations  to  ultimate  oxygen  demand.  If 
dissolved  oxygen  is  not  being  simulated,  a  value  of 
1.0  must  appear.  If  dissolved  oxygen  is  being 
simulated,  the  value  of  C0NVR2  depends  on  the 
constituent  represented  by  nonconservative  constituent 
#2.  If  nitrogenous  BOD  is  represented,  C0NVR2  should 
be  1.0.  If  ammonia  is  represented,  C0NVR2  should  be 
4.57. 
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EXHIBIT  2 


7.8  CT  RECORD 


Stream  water  quality  objectives  and  constituent  weights  are 
required  for  non-calibration  simulations  (ie.,  ICALIB(JA. 4) =0) 
and  are  optional  for  calibration  simulations.  One  set  of  CT 
records  are  provided  for  each  constituent  being  simulated  at  each 
control  point.  Records  must  be  entered  by  ascending  time, 
constituent  and  control  point.  In  other  words,  all  temporal 
targets  and  weights  for  temperature  at  control  point  #1  must  be 
entered  before  proceeding  to  the  next  parameters.  After  all 
targets  and  weights  for  each  parameters  are  defined  for  control 
point  #1,  proceed  to  define  targets  and  weights  for  the  next 
control  point.  The  time  of  the  first  set  of  water  quality 
objectives  and  weights  must  be  on  or  before  the  first  day  of 
simulation  (JA.2),  and  will  apply  until  overridden  by  subsequent 
sets.  The  number  of  CT  records  per  day  is  controlled  by  IHRC 
(JA.8)  (ie.,  number  of  records/day  =  2 4/ IHRC ) . 


FIELD  VARIABLE  VALUE 

1  ID  + 


2  ITIMCP  + 


3 


3  CONMAX  + 

4  WEITUP  + 


5  WEITDN  + 


6-10  JREG  + 


DESCRIPTION 


Control  point  ID  number.  The  ID  is 
only  required  on  the  first 
temperature  objective  record  for 
each  control  point. 

Time  that  the  target  becomes 
effective,  year,  month  and  day 
e.g.,  740501).  Objectives  and 
weights  are  held  constant  until 
respecified  by  subsequent  CT 
records . 

Negative  date  indicates  the  final 
set  of  CT  cards  in  each  temporal 
data  set. 

Target  value  for  temperature  or 
constituent  concentration . 

Relative  weight  assigned  to 
violation  caused  by  exceeding 
the  target  value. 

Relative  weight  assigned  to 
violation  caused  by  not 
exceeding  the  target  value. 

Reservoirs  to  be  operated  to  meet 
water  quality  target  during  flow 
augmentation.  Up  to  10  upstream 
reservoirs  may  be  specified  for 
each  control  point  on  the  first 
and  second  temperature  records 
only . 
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8.  INFLOW  TEMPERATURE  AND  WATER  QUALITY 

One  II  record  followed  by  sets  of  12  and  13  records,  or  12  and  14 
records,  are  required  for  each  tributary  or  reservoir  inflow.  The  total 
number  of  data  sets  must  equal  the  maximum  value  of  NRREF  (LR.l,  3,  5,  7 
and  9)  or  NSREF  (S2.7,  9  and  10).  Data  are  ordered  by  time  and  by 
constituent  for  each  control  point,  as  was  done  with  the  CT  records. 


8.1  II  RECORD 

Required  inflow  water  quality  record  length  and  input  data  control. 
The  length  of  record  can  be  longer  than  the  simulation  period  but  must 
include  the  simulation  period  as  a  minimum. 


FIELD  VARIABLE  VALUE  DESCRIPTION 


1 


Not  used. 


2  IIDAY 

3  LLDAY 

4  I3HR 

5  I4HR 


+  First  day  of  inflow  water  quality  data; 
year,  month  and  day. 

+  Last  day  of  inflow  water  quality  data; 
year,  month  and  day. 

0  13  record  data  frequency  will  be  based  on 

daily  time  increment. 

1  13  record  data  frequency  will  be  based  on 

hourly  time  increment. 

0  14  record  time  data  will  be  entered  as 

yr/mo/day. 

1  14  record  time  data  will  be  entered  as 

yr/mo/dy/hr 
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8.2  12  RECORD 


Required  inflow  data  control  and  identification. 


FIELD  VARIABLE  VALUE  DESCRIPTION 


1 

2  lEQ 


3  IDINT 


4-8  CON 

9  RTO 


Not  used. 

+  Meteorological  zone  number,  must  be  one 
of  the  values  of  MET20N  (EZ.2).  Inflow 
temperature  will  be  computed  as  the 
departure  from  the  equilibrium  tempera¬ 
ture. 

lOO-t-  Meteorological  zone  number  plus  100. 
Inflow  temperatures  will  be  computed  by 
a  factor  times  the  equilibrium  tempera¬ 
ture  (i.e.,  a  value  of  104  would  indi¬ 
cate  that  inflow  temperature  would  be 
based  on  Zone  4  equilibrium  tempera¬ 
tures). 

-1  Dissolved  oxygen  will  be  input  as  a 

percent  of  saturation. 

0  All  other  constituents  or  temperature 

or  dissolved  oxygen  to  be  entered  in 
standard  units. 

+  Local  inflow  rate  or  quality  data  up¬ 
date  interval  in  days  or  hours  (see 
11.4).  Inflow  data  are  input  using  a 
series  of  13  cards  under  this  option. 

0  Local  flow  inflow  rate  or  quality  data 

are  input  at  variable  time  intervals 

using  a  series  of  14  cards  under  this 
option. 

ALPHA  Description  of  inflow  data. 

+  Proportionality  constant  (units  =  1/hr) 
for  dampening  the  change  in  temperature 
or  dissolved  oxygen  if  lEQ  (12.2)  is 
non  zero.*  If  RTO  times  the  time  step 
increment  exceeds  1,  no  dampening  will 
occur. 


*  The  inflow  temperature  is  determined  by: 

T  =  (To(1-RT0*At)  +  (Te+AT)RT0-AT) 

0<RT0-AT<1 

.  where  T  =  inflow  temperature 

To  =  inflow  temperature  for  previous  time  step 

At  =  time  step  in  hours 

Te  =  equilibrium  temperature 

aT  =  departure  from  equilibrium  temperature 

Dissolved  oxygen  concentrations  are  determined  in  a  similar  fashion. 
Dampening  should  be  used  when  short  meteorological  data  intervals 
(MINT,  EZ.3  less  than  24  hours)  result  in  large  diurnal  changes  in 
equilibrium  temperature. 
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8.3  13  RECORD 


Inflow  rate  and  water  quality  data  at  constant  time  interval  (i.e., 
positive  IDINT,  12.3).  The  number  of  13  records  is  determined  by  the 
length  of  inflow  water  quality  record  (11.2  and  11.3)  and  the  inflow 
data  update  interval  (12.3).  (Examples:  If  I3HR  (11.4)  is  zero,  72 
days  of  record  with  4  day  update  interval  would  require  1  +  72/4  =  19 
values  and  a  total  of  2  records;  If  I3HR  (11.4)  is  one,  72  days  of 
record  with  6  hour  update  interval  would  require  1  +  72  24/6  =  289 
values  and  a  total  of  29  records.  Optional  record. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1-10  CONC  +  or  -  Inflow  rate  or  water  quality  con¬ 

stituent  concentration,  in  appropriate 
units.  Inflow  may  be  input  as  a  rate 
(positive  values  of  CONC)  or  as  a  frac¬ 
tion  of  the  total  local  flow  (negative 
values  of  CONC)  (i.e.,  CONC  =  -.5  would 
indicate  that  one-half  of  the  local 
flow  would  be  allocated  to  the  inflow). 
Temperatures  may  be  input  directly,  as 
departures  from  the  equilibrium  temper¬ 
ature  or  as  a  ratio  of  the  equilibrium 
temperature.  Dissolved  oxygen  may  be 
input  as  a  percent  of  saturation.  The 
types  of  data  are  controlled  by  lEQ 
(12.2).  Straight  line  interpolation  is 
used  to  determine  water  quality  con¬ 
stituent  concentrations  at  intermediate 
times. 
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8-4  14  RECORD 

Inflow  rate  and  water  quality  data  at  variable  time  intervals 
(i.e.,  IDINT,  12.3  =  0);  optional  record. 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  Not  used. 

2  ITIME  +  Time  of  observation.  The  first  time  of 

observation  must  be  on  or  before  IIDAY 
(n.2)  and  the  last  observation  on  or 
after  LLDAY  (11.3).  This  record  may  be 
repeated  as  necessary  to  include  the 
entire  inflow  period. 

-1  Denotes  the  end  of  the  data  set. 

3  CONC  +  or  -  Inflow  rate  or  water  quality  con¬ 

stituent  concentrations,  in  appropriate 
units.  Inflow  may  be  input  as  a  rate 
(positive  values  of  CONC)  or  as  a  frac¬ 
tion  of  the  total  local  flow  (negative 
values  of  CONC)  (i.e.,  CONC  =  -.5  would 
indicate  that  one-half  of  the  local 
flow  would  be  allocated  to  the  inflow). 
Temperatures  may  be  input  directly,  as 
departures  from  the  equilibrium  temper¬ 
ature  or  as  a  ratio  of  the  equilibrium 
temperature.  Dissolved  oxygen  may  be 
input  as  a  percent  of  saturation.  The 
types  of  data  are  controlled  by  lEQ 
(12.2).  Straight  line  interpolation  is 
used  to  determine  water  quality  con¬ 
stituent  concentrations  at  intermediate 
days. 

4  ITIME  +  or  -1  Sets  of  time  and  corresponding  local 

5  CONC  +  or  -  inflow  rate  or  water  quality  data. 

6  ITIME 

7  CONC 

8  ITIME 

9  CONC 

If  14HR  (11.5)  is  zero,  the  time  (beginning  of  the  day)  is  entered 
as  year,  month  and  day.  If  14HR  is  one,  the  time  (end  of  the  hour)  is 
entered  as  year,  month,  day  and  hour  (e.g.,  7050112). 
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9  GATE  OPERATIONS  DATA 


One  G1  record,  followed  by  as  many  G2  records  as  necessary,  are  required 
when  the  calibration  mode  is  being  used.  These  records  are  only  needed  for  the 
calibration  mode. 


9.1  G1  RECORD 

Length  of  gate  operations  record.  The  length  of  record  can  be  longer  than 
the  simulation  period  but  must  include  the  simulation  period  as  a  minimum. 
Required  record  for  the  calibration  mode . 

FIELD  VARIABLE  VALUE  DESCRIPTION 

1  IDAY  +  First  day  of  gate  operations  data,  year,  month  and 

day  expressed  as  YRMODA  (e.g.,  760501). 

2  LDAY  +  Last  day  of  gate  operations  data,  year,  month  and 

day  expressed  as  YRMODA. 


EXHIBIT  2 


Page  34  of  38 


9.2  G2  RECORD 


Optional  gate  operations  data  for  model  calibration  (required  if 
ICALIB  (J9.4)  =  !)•  The  gate  operations  data  on  these  records  must 
start  and  stop  on  the  dates  given  on  the  G1  record  for  all  reservoirs  in 
the  system.  The  number  of  G2  records  per  day  is  controlled  by  IHRG 
(JA.9)  (i.e.,  number  of  records/day  =  24/IHRG). 


FIELD 

VARIABLE 

VALUE 

DESCRIPTION 

1 

RESNO 

+ 

Control  point  number  for  reservoir  to  which 
data  pertain. 

2 

IIDAY 

+ 

Starting  day  of  period  for  which  data  on  this 
record  is  applicable  (YRMODA)  (e.g.,  760501). 

3 

LLDAY 

+ 

Final  day  of  period  for  which  data  on  this 
record  is  applicable  (YRMODA). 

- 

Final  day  on  last  G2  record  requires  a  nega¬ 
tive  LLDAY. 

4 

QFCI 

+ 

Flow  through  flood  control  outlet  for  period. 

5 

QSPI 

+ 

flow  through  spillway  for  period. 

6 

QWWII 

+ 

Flow  through  wet  well  #1  for  period. 

7 

GATEII 

+ 

Number  of  the  gate  in  wet  well  #1  through 
which  flow  QWWII  (G2.6)  passes,  numbered  from 
bottom  gate  upward. 

8 

QWW2I 

+ 

Flow  through  wet  well  #2  for  period. 

9 

GATE2I 

+ 

Number  of  the  gate  in  wet  well  #2  through 
which  flow  GWW2I  (G2.8)  passes,  numbered  from 
bottom  gate  upward. 
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10  ER  RECORD 

The  simulation  will  end  with  the  appearance  of  an  ER  record. 
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EXHIBIT  3 
JULIAN  CALENDAR 


JULIAN  date  calendar 


(PERPETUAL) 


Feb  I  AAor 


100  )30 


121  I  152  I  182  213 


122  153  i  183  I  214  245 


123  154 


215  246 


124  155  185  216  247 


125  156 


217  248 


126  I  157  I  187  218  249 


127  I  15P  I  188  219  250 


128  159  I  189  I  220  251 


129  160  I  190  221  252 


222  253 


101  I  131  162  }  192  223  254 


102  132  163  193  224  255 


103  133  164  I  194  j  225  256 


104  134  165  195  ]  226  257 


105  I  135  166  I  196  227 


106  136  167  197 


107  137  168  I  198  229 


108  138  169  I  199  230  261 


109  139  170  j  200  231  262 


no  140  171 


112  142  I  173  203  234  265 


113  143  174  j  204  1  235  266 


114  144  175  I  205  236  267 


115  145  I  176  206  237  268 


116  146  1 77  I  207  T 238  269 


117  147  178  j  208  239  270 


118  I  148  179  I  209  240  271 


149  180  i  210  241  272 


120  150  181  1  211  242  273 


FOR  LEAP  YEAR  USE  REVERSE  SIDE 
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JULIAN  DATE  CALENDAR 


Day  I  Jo» 


FOR  LEAP  YEARS  ONLY 


153  I  183  214  I  245 


154  I  184  215  I  246 


155  I  185  216  I  247 


156  1  186  217  248 


157  I  187  218  249 


158  1  188  1  219  250 


159  I  189  220  251 


160  I  190  I  221  252 


161  I  191  222  253 


162  I  192  223  254 


163  ]  193  I  224  255 


164  I  194  I  225  256 


1651  195  226  257 


166  I  196  227  J  258 


167  1  197  1  228  259 


168  1  198  229  |  260 


169  1  199  230  I  261 


170  1  200  231  262 


171  201  232  ]  263 


172  I  202  233  264 


173  I  203  234  |  265 


174  I  204  235  266 


175  1  205  236  |  267 


176  206  237  I  268 


177  I  207  238  269 


178  I  208  239  270 


179  j  209  240  271 


180  210  241  272 


181  211  242  I  273 


182  1  212  243  274 


213  244 


(USE  IN  1964,  1968,  1972,  ale.) 


GPO  687-010/  8408 
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WEATHER 


1.  INTRODUCTION 


1.1  Purpose  of  Program 

Program  WEATHER  was  developed  to  assist  the  user  of  the  WQRRS  and  the 
HEC-5Q  models  with  the  preparation  of  the  required  Input  weather  data.  The 
program  reads  a  NOAA  National  Climatic  Center  weather  data  file  and  outputs  a 
file  In  the  proper  Input  format  for  either  the  WQRRS  or  the  HEC-5Q  program. 


1.2  Oriqln  of  Proqram 

The  WEATHER  program  was  originally  written  by  Hr.  Alfred  Onodera  In 
1974  to  provide  the  WQRRS  user  with  Input  assistance.  The  program  has  been 
modified  by  Mr.  R.G.  Willey  to  provide  more  flexibility  of  time  scales  and 
output  capability  for  both  WQRRS  and  HEC-5Q. 


1.3  Hardware  Requirements 

This  program  Is  written  In  FORTRAN  77  without  machine  dependencies. 

The  program  has  been  tested  on  HARRIS  and  CDC  equipment.  There  should  be 
little.  If  any,  problem  In  compilation  on  other  computers. 


2.  PROGRAM  CONCEPTS 


The  WEATHER  program  reads  a  National  Climatic  Center  data  file  of  hourly  or 
three  hourly  weather  data.  The  file  contains  air  (dry  bulb)  temperature,  wet 
bulb  temperature,  dew  point  temperature,  wind  speed,  barometric  pressure,  and 
cloud  cover  In  addition  to  other  weather  parameters.  Some  stations,  during 
some  years,  only  have  three  hourly  data  but  the  general  format  Is  considered 
to  be  hourly. 

The  WQRRS  model  can  use  hourly  weather  data  or  any  multiple  of  hourly  that 
divides  evenly  Into  24  hours.  The  HEC-5Q  model  can  only  use  dally  average 
data.  The  cloud  cover,  which  Is  used  to  predict  the  amount  of  solar  radiation 
reaching  the  ground,  should  be  averaged  only  during  day-light  hours. 

The  model  needs  an  Initial  Input  record  which  specifies  which  program 
options  the  user  wants  to  use.  Based  on  the  Input  from  this  header  record, 
the  program  provides  either  hourly  (or  multiples  of  hourly)  weather  data  for 
the  WQRRS  model,  or  the  averaged  dally  data  for  either  the  WQRRS  or  the  HEC-5Q 
models.  The  formats  and  types  of  weather  parameters  used  are  different  for 
each  model . 


3.  IMPUT 


The  input  begins  with  three  title  cards  having  any  alpha  character  in 
columns  1-80,  although  it  is  suggested  that  the  first  two  columns  be  used  for 
a  card  I.D.  Following  the  three  titles,  the  initial  header  record  contains 
the  following: 

Columns  Description 


1-2 

3-8 

9-16 

17-24 

25-32 

33-40 

41-48 

49-56 

57-64 


Card  identification  (e,g.  Cl). 

Starting  year;  two  digits 
Stdl-tlllg  month. 

Starting  day. 

Last  year  of  simulation;  two  digits. 

Last  month  of  simulation. 

Last  day  of  simulation. 

Index  which  equals  1  for  WQRRS  output  format  or  0  for 
HEC-5Q  output  format. 

Index  which  equals  1  for  wet  bulb  input  or  0  for  dew 
point  input.  Only  needed  for  WQRRS  interface. 


The  title  records  and  the  header  record  are  read  from  unit  5.  The 
remaining  input  is  from  the  National  Climatic  Center  containing  weather  data 
in  their  "CD144"  format.  This  data  may  need  to  be  unblocked  to  80- character 
(card-image)  records  before  processing.  Appendix  I  defines  the  type  of 
available  data  and  its  format.  National  Climatic  Center  data  can  be  ordered 
from  Asheville,  North  Carolina,  for  non-Corps  offices  and  from  Scott  Air  Force 
Base,  Illinois  for  Corps  offices.  The  Corps  offices  should  refer  to  Army 
Pamphlet  115-1  "Requests  for  Climatological  Support  to  Army  Activities,”  dated 
June  1983.  Both  offices’  addresses  and  phone  numbers  are  given  below: 


For  Corps  Offices 
Commander 

USFA  Environmental  Technical 
Applications  Center 
ETAC/DO 

Scott  AFB,  IL  62225 
(FTS)  672-0404* 

(704)  259-0404* 


For  Non-Corps  Offices 

National  Climatic  Center 
Federal  Building 
Ashville,  NC  28801 
(704)  259-0682 


Example  inputs  are  shown  in  Appendices  II  and  III. 


*This  phone  connects  with  Air  Force  Staff  located  at  Asheville,  NC.  They  can 
answer  your  questions,  although  you  must  order  your  data  from  Scott  AFB. 


-2- 


4.  OUTPUT 


The  program  output  is  weather  data  for  the  input  station  for  the  exact  period 
of  interest  in  a  format  for  either  the  WQRRS  or  the  HEC-5Q  (actually  HEC-5Q  type 
output  is  input  to  a  preprocessor  called  HEATX,  which  provides  output  for  HEC-5Q 
input  format).  The  results  are  written  to  unit  7.  Example  outputs  for  unit  7 
are  shown  in  Appendices  IV  and  V. 


If  your  execution  is  unsuccessful,  the  following  messages  (from  unit  6)  may 
be  helpful  for  editing  your  data: 

Message  Remarks 

Starting  hour  must  be  01  for 
three  hour  intervals  and  00  for 
all  other  intervals. 

Program  read  an  end  of  file. 


STOP  55 


STOP  200 


-3- 
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NATIONAL  WEATHER  SERVICE 

CD144  REFERENCE  HANUAL 
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APPENDIX  II.  Example  Input  for  HEC-5Q  Interface 


TI  PROGRAM  WEATHER  INPUT 
TI  FOR  HEC-5Q  OUTPUT  OPTION 
TI  MORGANTOWN  WEATHER  DATA  TEST 

Cl  85  12  31  86  01  01  0  0 

1373685123101- - -0- -0040000000010315005760329060190170540 
1373685123104- --0- -0030000000010308010000029040160150770 
1373685123107  0- -5060000000010295011540428990160150808 

1373685123110- - -0991060000000010271024760428940380320572 
13736851231131800- -5150000000000230027760928840480390447 
13736851231161400- -810000000000021702977032879045038053 - 
13736851231191000- -  805000000001019002534032871040034055 - 
13736851231220700- -806000000001016602434062866040034052 - 
13736860101010650- -805001000001012203056082855046039053- 
1373686010104018812203000400001009804155042848042041096- 
13736860101070080- -805000400001009804366102848044044096 - 
13736860101100088- -505000000001010504276102850045044089 - 
13736860101130120- -  812000000000010503956102850045042079 - 
13736860101160168- -515000000000012203578092855042039076 - 
13736860101190230- -807000000000014903276092862038035079- 
13736860101220180- -809000000000015902977082865034032082- 


APPENDIX  III.  Example  Input  for  WQRRS  Interface 


TI  PROGRAM  WEATHER  INPUT 
TI  FOR  WQRRS  OUTPUT  OPTION 
TI  MORGANTOWN  WEATHER  DATA  TEST 

Cl  85  12  31  86  01  01  1  0 

1373685123101- - -0- -0040000000010315005760329060190170540 
1373685123104- - -0- -0030000000010308010000029040160150770 
1373685123107  0- -5060000000010295011540428990160150808 

1373685123110- - -0991060000000010271024760428940380320572 
13736851231131800- -5150000000000230027760928840480390447 
13736851231161400--810000000000021702977032879045038053- 
13736851231191000--805000000001019002534032871040034055- 
13736851231220700- -8060000000010166024 34062866040034052- 
13736860101010650- -805001000001012203056082855046039053 - 
1373686010104018812203000400001009804155042848042041096- 
13736860101070080--805000400001009804366102848044044096- 
13736860101100088--505000000001010504276102850045044089- 
13736860101130120--812000000000010503956102850045042079- 
13736860101160168--515000000000012203578092855042039076- 
13736860101190230--807000000000014903276092862038035079- 
13736860101220180- -809000000000015902977082865034032082- 
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APPENDIX  IV.  Example  Output  for  HEC-5Q  Interface 


10  61010  9  2 
41010  810  3 
10  8  5  910  3 
0  1  2  6  6  0 

8  910  8  6  6 
91010  6  81010  7 

9  9  8  010  8  810 
98872  41010 


2  1 
3  7 


6 

4 
0 
9 

5  3  8 

6101010  541  8101010 
48293896  81010 
710  8  6  81010  5  0 
5  5  812  6  3  4  811 
3  910  61111  8 
6101210  6  810 
4 
4 

7 
6 

3 

4 
9 

8 


7  5 
910 
5  8  710 
7  5  11 


8 

7 

7 

6 

6 

7 

3 

3 

6 

6 

31 


9  9  5  510  9  9  5  510  8  7  5101010  6 
9  9  410  110101010  4  5  910  6  4  8  9 
5101010  859304849  210  710 
3  410101010  5  310  6  8  6 
3  81010  91010  53394 
3783  61010  610  9 
910101010  8377 
2  0  0  6  7  2  1 

7  2  1  4  0  3  7 

8  4  7  0  3  3  4 
7790  71010  510 
3  8  8  912  810 
9  612  8  91114 
6111112  7  4  8  7  614 
710  6  6  810  8754 

7  3  8 
7  4 

4  6 

5  9 


810 
9  7 
8  2 
9  7 


7101010  710101010  3  6 
2548  910  89549 
810  310  1  5  3 
710 
7  5 
5  2 
0  0 


8 


5  0 
5  6 
710 
1  2 


5  12  8 
2  71010 
810  6  4 
2  61010 
2  5  5  7 


0  81010 
9  1  910 
3  910  9 
3  810  910  9 
956  81111  410  711 

51211  912  9  8  7  7  9 


61010 
3  2  3 

6  5 

7  4 

5  9  8  3  510  7101010 
81010  973  01010  4 

8  910  9769771 

9  4 


9  811 


3  7  5  4 
8101110 
3  4  4  4 
2  4 
8  3 
4  2 
710 
810 

39  35  14  11  23  36 
23  47  40  55  27  22  33  29  30  35  7 

32  54  58  58  57  46  42  57  41  25  46 

40  36  31  36  39  48  39 

55  63  55  41  35  47  48 

72  73  62  62  67  62  39 


611 

15 


7  7  610  8  5 

911  8  9  8  8 

5  4  4  3 

51010 
5  6  3 

5  7  7 

611  9 


4 

6 

3 

4 

5 


910 
7  9 


6  61011 
8131011 


48 

62 

69 

67 


63  65 
58  61 


60  70  69 
64  63  55 
70  70  72 
66  70 
68 
66 


7 
6 
3 
3 
5 

4  61110  5  6  8  9  5  911  8  6  9  8  711 
710111011  6  9  8  9  911  610 
4  12  31  26  39  31  27  31  14  7  20  33  25  17 

22  36  27  22  14  24  24  51  43  39  50 

57  56  51  54  60  58  64  68  68  63  36 

35  42  36  20  33  56  64  51  35  40  54  52  58  60  47 

39  48  48  41  36  44  40  33  44  53  64  70  71  75  72 

50  57  45  45  60  67 

54  56  50  49  57  64 


36  43  48  52 
65  60  45  44  60  65  56 

65  69  69  71  72  76  75  76  75  73  69  72  72 

74  69  62  66  66  66  67  66  63  67  68  63  75 

74  75  75  74  68  69  70  75  75  75  70  66  63 


58 

65 

72 


71  74  74  71  68  68  64  68  70  69  70  70  71  76 


64  65  69  66 
59  53  62  59  59  65  66 

63  53  63  50  46  40  49 

43  35  42  44  30  39  45 

56  57  40  21  14  27  25 

35  45  45  20  23  29  17 

27  28  29  5  3  9  20 

13  31  33  45  25  13 

15  35  50  44  47  31  27 

17  17  19  25  25  31  30 


58  63  68  70  58  59  67  68  69  65 
55  54  54  57  59  61  61  66  66  55 


52  43  48 

62  65  68 
61  62  71 
68  64  68  76 
66  68  71  72 
78  75  73  72 

63  63  65  63 


56 

62 

71 

69 

69 

71 

61 


52  50  49  51  52 


51  44  42  43  52  54  43  35  35  43  45  48  41  43 


31  50  46  32  29  32 
46  51  44  41  42  47 


33  42  56  60 
49  42  42  48 
64  60  60  62 


60  54  42 
52  54  55 
62  59  54 


24  22 
30 

17 
20 

18 
32 
56 
53 


39  36  33  34  36  33  40  44  51  38  36  31  30 

13  31  28  38  36  21  25  45  39  44  27  33  41 

21  21  15 

18  30  18  11  23  5  0 

11  23  22  17  7  16  15 


50 
27  41 
38  34 


37 

11 


37 

24 


31  24  36 
-2  3  27 

25  30  -6 
34  13  21  25  32 
22  22  5  18  35 

27  20  15  20 
36  37 


29 

24  27  27 


3  28  19  9 

26  30  19  40 


28  24  30  37  43  50  51  46  17 


43  40  15 
23  12  18 


21 

22 


25  19  31  44 


26  38  43 
38  49  49 
31  33 
57  60 


47 

52 


43  27 
45  45 
38  49 
61  58 


57  57  55  58  60  62  58  57  66  59  51  56  66 
54  51  54  60  64  65  66  63  53  53  61  65  65  67  64  56  48  50  53  58  64 


57  56  58  59  62  65 
43  45  54  58  55  57 
49  39  40  48  44  58 
47  26  38  32  30  24 
20  25  22  23  16  15 
35  48  35  13  4  11 
18  27  35  6  5  13 


43  48  40  41  42  45  45  45  46 
59  62  63  63  65  62  60  62  64  61  60  61  61  63 

'  "  64 
65 
55 
54  57 
38  38 
31 
28 
21 


61  61  54  52  56  56  51  54  56 

55  45  43  54  59  48  43  49  51 

61  48  45  50  53  55  54  51  52 

25  41  28  20  23  45  49 

30  26  24  21  20  21  19 

17  2  20  19  19  32  9 

0  15  23  8  24  7  6 


28  21 
20  23 
12  24 
0 


59  63 
54  55 
54  52 
21  20 
25  19 


65  65  66  65 
59  58  57 
48  45  37 
31  42  26  22 
23  19  14  20 


31  38  10  11  19  26 
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APPENDIX  V.  Example  Output  for  WQRRS  Interface 


WEATHl 

75 

1 

1  0 

1.0 

WEATHl 

75 

1 

1  1 

1.0 

WEATHl 

75 

1 

1  2 

1.0 

WEATHl 

75 

1 

1  3 

1.0 

WEATHl 

75 

1 

1  4 

1.0 

WEATHl 

75 

1 

1  5 

1.0 

WEATHl 

75 

1 

1  6 

1.0 

WEATHl 

75 

1 

1  7 

1.0 

WEATHl 

75 

1 

1  8 

1.0 

WEATHl 

75 

1 

1  9 

1.0 

WEATHl 

75 

1 

110 

1.0 

WEATHl 

75 

1 

111 

1.0 

WEATHl 

75 

1 

112 

1.0 

WEATHl 

75 

1 

113 

1.0 

WEATHl 

75 

1 

114 

1.0 

WEATHl 

75 

1 

115 

1.0 

WEATHl 

75 

1 

116 

1.0 

WEATHl 

75 

1 

117 

0.9 

WEATHl 

75 

1 

118 

0.8 

WEATHl 

75 

1 

119 

1.0 

WEATHl 

75 

1 

120 

1.0 

WEATHl 

75 

1 

121 

1.0 

WEATHl 

75 

1 

122 

1.0 

WEATHl 

75 

1 

123 

1.0 

WEATHl 

75 

1 

2  0 

1.0 

WEATHl 

75 

1 

2  1 

1.0 

WEATHl 

75 

1 

2  2 

1.0 

WEATHl 

75 

1 

2  3 

1.0 

WEATHl 

75 

1 

2  4 

1.0 

WEATHl 

75 

1 

2  5 

1.0 

WEATHl 

75 

1 

2  6 

1.0 

WEATHl 

75 

1 

2  7 

1.0 

WEATHl 

75 

1 

2  8 

1.0 

WEATHl 

75 

1 

2  9 

1.0 

WEATHl 

75 

1 

210 

1.0 

WEATHl 

75 

1 

211 

0.8 

WEATHl 

75 

1 

212 

1.0 

WEATHl 

75 

1 

213 

0.4 

WEATHl 

75 

1 

214 

0.1 

WEATHl 

75 

1 

215 

0.2 

WEATHl 

75 

1 

216 

0.0 

WEATHl 

75 

1 

217 

0.1 

WEATHl 

75 

1 

218 

0.0 

WEATHl 

75 

1 

219 

0.0 

WEATHl 

75 

1 

220 

0.0 

WEATHl 

75 

1 

221 

0.0 

WEATHl 

75 

1 

222 

0.3 

WEATHl 

75 

1 

223 

0.7 

WEATHl 

75 

1 

3  0 

1.0 

WEATHl 

75 

1 

3  1 

1.0 

WEATHl 

75 

1 

3  2 

0.9 

WEATHl 

75 

1 

3  3 

1.0 

WEATHl 

75 

1 

3  4 

1.0 

WEATHl 

75 

1 

3  5 

1.0 

52. 

50. 

28. 

57 

8. 

50. 

47. 

28. 

57 

6. 

48. 

46. 

28. 

58 

5. 

47. 

44. 

28. 

60 

9. 

45. 

42. 

28. 

60 

8. 

43. 

40. 

28. 

62 

9. 

42. 

40. 

28. 

64 

5. 

42. 

39. 

28. 

65 

11. 

40. 

37. 

28. 

67 

8. 

40. 

37. 

28. 

67 

9. 

39. 

38. 

28. 

67 

13. 

39. 

37. 

28. 

66 

14. 

39. 

36. 

28. 

61 

18. 

39. 

34. 

28. 

58 

11. 

38. 

34. 

28. 

60 

17. 

37. 

31. 

28. 

60 

17. 

34. 

31. 

28. 

65 

14. 

32. 

25. 

28. 

69 

18. 

32. 

24. 

28. 

72 

17. 

31. 

21. 

28. 

77 

17. 

30. 

18. 

28. 

82 

17. 

29. 

18. 

28. 

84 

14. 

28. 

18. 

28. 

87 

13. 

27. 

18. 

28. 

,91 

11. 

27. 

18. 

28. 

,91 

13. 

27. 

17. 

28, 

,95 

13. 

27. 

18. 

28, 

,98 

8. 

26. 

17. 

29, 

,02 

10. 

27. 

17. 

29, 

,03 

10. 

27. 

18. 

29, 

,04 

9. 

26. 

19. 

29, 

,08 

5. 

27. 

20. 

29, 

.10 

6. 

26. 

20. 

29 

.13 

6. 

28. 

20. 

29 

.15 

4. 

29. 

21. 

29 

.17 

9. 

30. 

23. 

29 

.17 

5. 

30. 

22. 

29 

.12 

5. 

31. 

21. 

29 

.08 

4, 

32. 

21. 

29 

.07 

8, 

34. 

21. 

29 

.10 

9, 

34. 

21. 

29 

.10 

5. 

32. 

20. 

29 

.09 

4 

31. 

20. 

29 

.07 

0 

29. 

20. 

29 

.06 

0 

27. 

21. 

29 

.04 

4 

27. 

21. 

28 

.98 

5 

29. 

21. 

28 

.92 

6 

29. 

21. 

28 

.89 

5 

31. 

21. 

28 

.84 

0 

34. 

16. 

28 

.81 

9 

33. 

21. 

28 

.82 

0 

31. 

22. 

28 

.79 

0 

35. 

16. 

,  28 

.76 

5 

30. 

27, 

,  28 

.75 

4 
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EXHIBIT  5 

THERMAL  SIMULATION  OF  LAKES 
(HEATX  and  THERMS) 


THERMAL  SIMULATION 


OF  LAKES 


USERS  MANUAL 


PROGRAM  NUMBERS 

722-F5-E1010 

722-F5-E10n 


U.S.  Army  Engineer  District,  Baltimore 
NOVEMBER  1977 


Distributed  by  U.S.  Army  Corps  of  Enpineers 
Hydroiogic  Engineering  Center 
December  IPSO 


THERMAL  SIMULATION 


OF  LAKES 


USERS  MANUAL 

PROGRAM  NUMBERS 

722-FS-E1010 

722-FS-ElOn 


U.S.  ARMY  ENGINEER  DISTRICT,  BALTIMORE 
NOVEMBER  1977 


Distributed  by  U.S.  Army  Corps  of  Enqineers 
Hydrologic  Engineering  Center 
December  1 980 


PREFACE 


This  computer  program  description  as  well  as  the  associated  source 
code  were  developed  by  Mr.  Earl  Eiker  formerly  of  the  U.S.  Army  Engineer 
District,  Baltimore.  Since  he  transferred  from  the  District  to  the 
Office  of  the  Chief  of  Engineers,  the  Hydrologic  Engineering  Center  has 
been  requested  to  distribute  this  program.  Several  versions  of  this 
program  presently  exist.  The  version  HEC  is  distributing  was  obtained 
from  the  Ohio  River  Division.  Some  recent  revisions  have  been  made  by 
HEC. 

Extra  copies  of  this  publication  and/or  copies  of  the  source  code 
may  be  obtained  from  Ms.  Penni  Baker  by  calling  (916)  551-1748.  Questions 
regarding  its  application  should  be  referred  to  one  of  the  following: 


Contact  Office  Commercial 

R.G.  Willey  HEC  (916)  551-1748 
Pete  Juhle  Baltimore  (301)  962-4893 
Henry  Jackson  ORD  (513)  684-3070 
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INTRODUCTION 


When  a  dam  is  built  across  a  stream,  a  totally  different  regime  is 
established  which  profoundly  affects  the  water  quality  within  and  down¬ 
stream  of  the  impoundment  for  many  miles.  The  temperature  structure 
within  the  reservoir  is  the  most  important  consideration  when  establishing 
a  management  plan  for  water  quality  control. 

When  a  study  of  reservoir  temperatures  is  undertaken,  it  is  important 
that  all  of  the  physical  and  meteorological  heat  exchange  processes  are 
included,  so  that  consideration  of  the  overall  heat  balance  of  the  reser¬ 
voir  is  assured.  A  sound  theoretical  approach  will  insure  this.  The 
analysis  should  provide  a  realistic  assessment  of  the  inter-relationship 
between  project  operations  and  the  thermal  variations  within  the  reservoir. 
The  use  of  input  data  which  cannot  be  measured  "in  situ"  should  be  kept 
to  a  minimum  in  order  to  insure  that  possible  bias  in  results  is  eliminated. 
Finally,  application  should  be  straightforward  and  follow  standard  accepted 
procedures  in  order  to  provide  confidence  and  guarantee  uniformity  in 
results. 


CONSERVATION  OF  HEAT 

The  simulation  of  the  annual  temperature  variations  within  an 
impoundment  begins  with  the  formulation  of  a  mathematical  description 
of  the  pertinent  heat  transfer  mechanisms.  The  solution  of  the  mathe¬ 
matical  formulation  results  in  an  accounting  of  the  external  and 
internal  heat  balance  for  the  reservoir  over  the  yearly  cycle. 

The  annual  temperature  cycle  of  a  reservoir  is  the  result  of  a 
complex  inter-relationship  among  the  many  hydrodynamic  and  thermodynamic 
processes  by  which  heat  enters,  is  distributed  within,  and  leaves  an 
impoundment.  Strictly  speaking,  the  only  mathematical  descriptions 
which  would  be  universally  applicable  would  be  the  three  dimensional 
equations  of  conservation  of  heat  and  mass.  However,  solution  of  the 
three  dimensional  equations  is  virtually  impossible.  There  are  many 
instances,  though,  when  the  reservoir  heat  balance  can  be  adequately 
determined  by  considering  only  the  vertical  distribution  of  heat  and 
the  heat  transfer  mechanisms  associated  with  movement  along  the  vertical 
axis.  Prototype  data  are  available  to  support  this  assumption.  The 
annual  temperature  cycle  for  the  Beltzville  Reservoir  in  northeastern 
Pennsylvania  is  shown  on  figures  1  through  3.  Examination  of  these 
figures  shows  that  the  assumption  of  horizontal  isotherms  (layers  of 
equal  temperatures)  is  indeed  valid.  Very  little  variation  was 
measured  in  either  the  longitudinal  or  lateral  directions  at  Beltzville. 
A  large  number  of  Corps  reservoirs  exhibit  this  same  characteristic 


and  are  readily  analyzed  by  considering  heat  transfer  in  only  the  vertical 
dimension.  It  should  be  emphasized,  however,  that  each  impoundment  is 
different  and  before  this  simplifying  assumption  is  accepted,  it  should 
be  scrutinized. 

Some  general  guidance  is  available  on  the  applicability  of  the  one 
dimensional  assumption  to  a  particular  reservoir.  Or  lob  (15)  has 
suggested  a  method  of  reservoir  classification  based  on  a  ratio  of  inflow 
volume  to  storage  volume  in  the  reservoir. 

1)  Low  flow/volume  ratio.  -  Reservoirs  in  this  class  are  extremely 
large  and  have  detention  times  greater  than  one  year.  Little  seasonal 
variation  in  storage  occurs  and  outflow  is  generally  from  surface  layers. 

2)  Medium  flow/volume  ratio.  -  Reservoirs  in  this  class  are  large 
and  detention  times  are  in  the  range  of  from  four  months  to  one  year. 

These  reservoirs  show  strong  patterns  of  stratification  and  variations 
in  storage  may  be  large. 

3)  High  flow/volume  ratio.  -  Reservoirs  in  this  class  are  generally 
run  of  river  types  with  detention  times  of  less  than  four  months.  Patterns 
of  stratification  are  difficult  to  access  and  longitudinal  variations  in 
temperature  are  common.  Along  with  these  longitudinal  temperature 
variations,  conditions  of  underflow  may  develop. 

Reservoirs  in  the  first  and  second  class  can  be  expected  to  exhibit 
a  strong  pattern  of  thermal  stratification.  In  order  to  mathematically 
evaluate  the  applicability  of  the  one  dimensional  assumption,  Orlob  (11) 
suggests  the  use  of  a  densimetric  Froude  number  computed  as  follows: 

fb  =  i-  ^ 

,  g  e 

where: 


Fp  =  densimetric  Froude  number 

L  =  length  of  the  reservoir  in  ft. @  conservation  pool 
H  =  mean  reservoir  depth  in  ft. 

V  =  volume  of  the  reservoir  in  ft.®  @  conservation  pool 

Q  =  flow  through  rate  in  cfs  (check  mean  annual  and  spring 
mean  monthly) 

g  =  gravitational  constant  32.2  ft/sec^ 

e  =  average  normalized  density  gradient  taken  as  0.3  x  10“^/ft. 
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According  to  this  theory,  if  the  computed  value  of  Fjj  is  less  than 
a  strong  stratification  pattern  will  exist  in  the  reservoir. 


MATHEMATICAL  FORMULATION 

Several  approaches  to  the  simulation  of  reservoir  temperatures 
have  been  utilized  by  various  Corps  offices  (2,  11,  16).  These  methods 
have  been  analyzed  by  Eiker  (6)  and  each  was  determined  to  be  lacking 
in  one  or  more  areas.  The  simulation  approach  outlined  below  was 
developed  by  the  Baltimore  District  and  has  been  applied  in  several 
analyses  of  existing  and  proposed  reservoirs.  The  basis  of  the 
analysis  is  the  simultaneous  solution  of  the  time  varying,  one¬ 
dimensional  equations  for  conservation  of  heat  and  conservation  of  mass. 

The  equations  describing  conservation  of  heat  and  mass  for  the 
reservoir  are  derived  in  the  classical  manner.  The  reservoir  is 
idealized  and  a  control  volume  is  established  as  shown  on  figure  4. 

The  control  volume  is  of  thickness  (  AZ  )  and  has  an  average  area  (A) 
which  is  a  function  of  elevation  Z.  Conservation  of  mass  for  the 
control  volume  is  described  by: 

9Qv  _  Qin  ~  Qont 
3Z  “  AZ 

where : 

9Qv 

9Z  =  change  in  vertical  flow  per  unit  between  the  bottom 
and  top  of  the  control  volume  in  cfs/ft. 

Qin  =  inflow  to  the  control  volume  in  cfs. 

Qout  =  outflow  from  the  control  volume  in  cfs. 

AZ  =  thickness  of  control  volume  in  ft. 

The  equation  to  describe  the  conservation  of  heat  within  the  control 
volume  is: 

9T  1  yOv*T)  _  _1  3  ■  3T  TinQin  ToutQout^  1  3H 

3t  A  3Z  A  3Z  3Z  A*  AZ  "  A  ‘AZ  pCpA  *  3Z  ^  ^ 

where: 

T  =  temperature  in  °F. 
t  =  time  in  sec. 
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A  =  horizontal  area  of  the  control  volume  in  ft 
Qy  =  vertical  flow  in  cfs. 

Z  =  elevation  in  ft. 

K  =  diffusion  coefficient  (molecular  and  turbulent)  in  ft  /sec. 

Tin  =  temperature  of  inflow  in  °F. 

Qin  =  inflow  to  the  control  volume  in  cfs. 

Tout  =  temperature  of  outflow  =  T  in  °F. 

Qout  =  outflow  from  the  control  volume  in  cfs. 

3 

p  =  density  of  water  in  LBS/ft. 

Cp  =  specific  heat  of  water  in  BTU/LBS/°F. 

9H/3Z  =  external  heat  source  in  BTU/sec. 


An  examination  of  equation  (3)  confirms  that  all  of  the  pertinent 
heat  transfer  mechanisms  are  included  in  the  formulation.  The  first 
term  on  the  left  hand  side  of  the  equation  represents  the  change  in 
temperature  with  respect  to  time.  The  second  term  on  the  left  hand 
side  of  the  equation  accounts  for  the  vertical  transfer  of  head  due 
to  advective  processes.  The  first  term  on  the  right  side  of  equation 
(3)  is  the  measure  of  heat  transfer  related  to  diffusion.  The 
remaining  three  terms  account  for  the  external  heat  balance  of  the 
reservoir,  that  is,  inflow,  outflow,  and  interfacial  heat  transfer. 

Heat  transfer  at  the  solid  boundaries,  if  significant,  may  be  included 
with  an  additional  term  having  the  same  form  as  the  external  heat  source 
term. 


The  next  step  in  the  simulation  is  to  incorporate  the  conservation 
of  mass  equation  into  the  conservation  of  heat  equation.  This  is 
accomplished  by  expanding  the  second  term  (vertical  advection)  by  the 
product  rule  and  substituting  equation  (2)  into  the  result  as  follows: 


i  9(Qv  *  T)  ^  1, 
A  3  Z  A 


T(Qin  -  Qout) 
A  Z 


(4) 


Now,  when  equation  (4)  is  substituted  back  into  equation  (3)  and 
simplified  the  result  is: 
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M 

az 


(5) 


iT  .  ai  iff 

3t  A  3Z 


A  3Z 


QinfTin  -  T) 


A»A  Z 


pG  A 


ADDITIONAL  CONSIDERATIONS 

Before  proceeding  with  the  solution  of  equation  (5) ,  functional 
descriptions  for  the  inf low“Outf low  relationship,  diffusion  processes 
and  the  external  heat  source  term  must  be  developed. 

The  vertical  outflow  distribution  used  in  the  model  is  developed, 
based  on  methods  presented  in  WES  reports  (3,  8).  These  methods  enable 
an  accurate  prediction  of  the  vertical  variation  in  outflow  to  be  made 
for  either  a  weir  or  an  orifice  type  outlet.  The  velocity  distribution 
is  first  computed  using  the  WES  procedures.  The  outflow  per  foot  is 
then  developed  by  multiplying  the  velocity  at  each  elevation  by  the 
reservoir  width.  A  complete  explanation  of  the  application  is  contained 
in  the  above  references. 


When  inflow  enters  a  reservoir  it  tends  to  seek  residence  at  a 
depth  of  similiar  temperature  (density) .  Velocity  measurements  of 
inflows  at  Fontana  Reservoir,  taken  by  Elder  and  Wunderlich  (7),  show 
that  there  is  a  vertical  distribution  of  inflow.  This  distribution 
is  approximately  parabolic  and  is  centered  about  the  elevation  where 
reservoir  temperature  is  equal  to  inflow  temperature.  The  vertical 
limits  of  the  inflow  distribution  are  dependent  upon  the  quantity  of 
flow  and  the'  degree  of  thermal  stratification  existing  in  the  reservoir 
pool.  Or  lob  (11)  has  suggested  a  method  for  determining  the  vertical 
limits  of  the  inflow  distribution  as  a  function  of  densimetric  Froude 


number  following  Debler's  criteria.  This  relationship  is  as  follows: 

”  -  2-8*  I  H  '^1  '  W 


where ; 

D  =  thickness  of  the  inflow  distribution  in  ft. 

Q  =  inflow  in  cfs. 

W  =  reservoir  width  in  ft. 

g  =  gravitational  constant  =  32.2  ft/sec. 

E  =  stability  =  ^ 

p  dZ 
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The  model  uses  equation  (6)  to  estimate  the  thickness  of  the  inflowing 
layer,  fits  a  parabolic  distribution  of  inflow  velocity  between  the  limits 
and  centers  this  distribution  about  the  point  of  corresponding  density  of 
inflow  and  reservoir  water.  If  the  reservoir  surface  or  bottom  restricts 
the  distribution,  the  center-line  is  moved  up  or  down  as  required  and  the 
thickness  of  the  inflowing  water  is  kept  constant.  The  inflow  quantity 
distribution  is  next  computed  by  multiplying  the  computed  velocity 
distribution  by  the  reservoir  width  at  each  elevation.  Some  mixing  of  the 
reservoir  inflow  occurs  as  it  enters  the  pool.  Based  on  model  studies 
conducted  at  WES,  this  phenomenon  is  handled  by  assuming  a  quantity  of 
water  from  the  top  layer  of  the  reservoir  is  entrained  and  mixed  with  the 
inflow  current.  A  modified  volume  and  volume-weighted  temperature  for  the 
inflow  is  computed,  based  on  the  assumed  quantity  of  entrainment,  prior  to 
placement  within  the  reservoir. 


Now,  with  a  knowledge  of  the  inflow  and  outflow  distributions  at  any 
point  in  time,  the  vertical  flows  (Qv)  at  any  elevation  are  uniquely  estab¬ 
lished.  The  relationship  may  be  written  as: 


where : 


Qv  (Z)  =  /  [Qin  (Z)  -  Qout  (Z)] .  dZ 

ZqJ 

(Z)  =  vertical  flow  at  elevation  Z  in  cfs. 

Z  =  elevation  of  reservoir  bottom  in  ft. 

o 

Qin  inflow  of  distribution  function  in  cfs/ft. 

Qout(Z)=  outflow  distribution  function  in  cfs/ft. 


(7) 


Relating  equation  (7)  to  the  control  volume  the  net  vertical  flow 
through  the  control  volume  (  Qv)  is  evaluated  as: 

Qv  =  Qv  (Z  +  Z)  -  Qv  (Z)  (8) 


The  external  heat  sources  that  are  considered  in  the  model  are  the 
seven  heat  exchange  processes  which  operate  at  the  air-water  interface 
and  may  be  written  as: 

Hn  =  Hs  -Hsr  +  Ha  “  ^ar  ±  He  "  Hbr  "  (9) 

where : 

p 

Hju  =  the  net  heat  transfer  in  BTU/ft  /DAY 

Hs  “  the  short  wave  solar  radiation  arriving  at  the  water  surface  in 
BTU/ft^ /DAY. 

Hsj-=  the  reflected  short  wave  radiation  in  BTU/ft^/DAY. 
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Ha  =  the  long  wave  atmospheric  radiation  in  BTU/ft^/DAY. 

Hgj.  =  the  reflected  long  wave  radiation  in  BTU/ft^/DAY. 

He  =  the  heat  transfer  due  to  conduction  in  BTU/ft  /DAY. 

H^r  =  the  back  radiation  from  the  water  surface  in  BTU/ft2/DAY. 

Hg  =  the  heat  loss  due  to  evaporation  in  BTU/ft  /DAY. 

Complete  discussions  of  the  individual  terms  have  been  presented  by 
Anderson  (1)  and  in  Tennessee  Valley  Authority  report  No.  14  (14).  All 
of  the  heat  transfer  mechanisms  at  the  water  surface,  with  the  exception 
of  short  wave  solar  radiation,  affect  only  the  top  one  or  two  feet  of 
the  reservoir.  Short  wave  radiation,  however,  penetrates  the  water 
surface  and  may  affect  water  temperatures  at  great  depths.  This  depth 
of  penetration  varies  from  reservoir  to  reservoir  and  is  a  function  of 
absorption  and  scattering  properties  of  the  water  (9) . 

The  method  used  in  the  model  to  evaluate  the  net  rate  of  heat 
transfer  at  the  air -water  interface  has  been  developed  by  Edinger  and 
Geyer  (5) .  Their  method  utilized  the  concepts  of  equilibrium  temperature 
and  coefficient  of  surface  heat  exchange.  The  equilibrium  temperature 
may  be  defined  as  that  water  temperature  at  which  the  net  rate  of  heat 
exchange  between  a  water  surface  and  the  atmosphere  will  be  zero.  The 
coefficient  of  surface  heat  exchange  is  the  rate  at  which  the  heat  transfer 
process  will  proceed.  The  equation  to  describe  this  relationship  may  be 
written  as  follows: 


Hn  =  Kg  (Te  -  Tg) 


(10) 


where: 


Hn  =  the  net  rate  of  heat  transfer  in  BTU/ft^/TIME . 

Ke  =  the  coefficient  of  surface  heat  exchange  in  BTU/ff^/TIME . 

Te  =  the  equilibrium  temperature  in  °F. 

Ts  =  the  surface  temperature  in  °F. 

Computation  of  Te's  and  Ke's  is  dependent  solely  on  meteorological 
variables  and  is  outlined  in  the  literature  (5). 
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The  evaluation  of  the  external  heat  source  term  is  completed  by 
establishing  a  relationship  for  the  heating  effects  of  short  wave  solar 
radiation  penetration.  Based  on  laboratory  and  analytical  studies, 

Dake  and  Harlemen  (4)  have  developed  an  equation  to  describe  the 
distribution  of  heat  input  due  to  solar  radiation  penetration  below 
the  water  surface.  Their  approach  is  based  on  a  surface  absorption 
of  the  longer  wave  lengths  of  radiation  and  an  exponential  decay  with 
depth  for  the  remaining  wave  lengths  of  radiation.  The  equation  to 
describe  this  exponential  decay  is: 

^(Z)  =  (1  -  6)  e  -XZ 


where : 

^  (Z)  =  the  quantity  of  radiation  arriving  at  a  horizontal 
plane  (  z  feet  below  the  water  surface)  in  BTU. 

g  =  the  fraction  of  radiation  absorbed  by  the  top  2  feet 
of  water  in  the  reservoir. 

=  total  incoming  radiation  in  BTU. 

X  =  the  average  absorption  coefficient  of  the  water  in  ft  ^ 

Z  =  depth  below  the  water  surface  in  ft. 

Guidance  in  the  selection  of  ^  and  X  is  provided  by  Dake  and  Harlemen 
and  also  in  TVA  Report  No.  14  (14). 

The  final  and  perhaps  the  most  difficult  consideration  to  be  made  is 
with  regard  to  the  diffusion  term.  At  this  time,  there  is  no  adequate 
functional  representation  by  which  the  variations  over  time  and  space 
in  the  diffusion  coefficient  (K)  can  be  computed  "a  priori".  The  approach 
used  in  the  model  follows  the  arguments  of  Dake  and  Harleman  and  Stefan 
and  Ford  (13).  That  is,  diffusion  of  heat  in  the  epilimnion  is  handled 
indirectly  by  a  combination  of  wind  induced  and  convective  mixing  processes. 
In  the  model  a  coefficient  may  be  used  to  increase  or  decrease  wind  speed 
effects  due  to  fetch  length,  sheltering  and  water  surface  roughness  (see 
App.  B).  The  result  of  this  procedure  is  the  computation  of  a  uniformly 
mixed  eplimnion.  Diffusion  in  the  hypolimnion  is  considered  constant  and 
may  be  assumed  as  equal  to  molecular  diffusion  in  the  absence  of  better  data. 

SOLUTION  TECHNIQUE 

Analytical  solutions  of  equation  (5)  have  been  accomplished,  but 
their  practical  application  is  restricted.  Numerical  methods  are  the 
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the  only  means  by  which  a  workable  solution  to  equation  (5)  may  be 
obtained.  The  numerical  technique  used  in  the  model  is  of  the  implicit 
type.  The  solution  requires  the  stipulation  of  an  initial  condition 
and  two  boundary  conditions.  The  initial  condition  may  be  taken  as 
isothermal  at  some  time  during  the  spring.  The  lower  boundary  condition 
used  in  the  model  assumes  no  heat  is  transferred  across  the  bottom 
boundary.  The  upper  boundary  condition  assumes  the  heat  exchange  at 
the  reservoir  surface  is  equal  to  the  net  heat  transfer  at  the  air- 
water  interface  minus  the  quantity  of  heat  attributable  to  the  short 
wave  solar  radiation  that  penetrates  into  the  water  body.  The  mechanics 
of  the  solution  are  carried  out  by  beginning  from  a  known  or  assumed 
initial  condition  and  stepping  forward  in  time,  using  constant  increments 
for  hydrologic  and  meteorologic  input. 


In  order  to  effect  the  solution,  the  reservoir  is  first  segmented 
into  a  finite  number  of  layers  along  the  vertical  axis.  These  layers 
may  be  thought  of  as  a  number  of  control  volumes  stacked  vertically 
between  the  reservoir  bottom  and  the  surface.  Each  element  has  a 
thickness  of  AZ  and  an  average  horizontal  area  dependent  on  the  reservoir 
elevation-area  relationship.  Heat  and  mass  balances  are  next  developed 
for  each  layer  using  central  differences  to  approximate  the  derivatives 
in  equation  (5).  The  differences  are  substituted  into  equation  (5)  and 
a  difference  equation  is  developed  for  each  layer.  The  resulting  equations 
have  the  following  general  form; 


l^i+1,  t+li  '^i+1  t+l}  "^i  ■'■{^i-1,  t+ll  '’^i+1 


where : 


Ti,  t  +  Av  +  Ex 
(12) 


Aj  t+1  “  coefficient  describing  internal  mxxing  processes 


Ti 

=  temperature 

of  each 

w 

rt 

=  temperature 

of  each 

Av 

=  temperature 

rise  in 

Ez 

=  temperature 

rise  in 

sources. 

layer  at  time  t+1 
layer  at  time  t 
layer  i  due  to  inflow 
layer  i  due  to  external  heat 


When  equation  (12)  is  written  for  each  layer,  there  results  N 
equations  (one  for  each  layer)  in  N  unknowns.  In  matrix  notation,  the 
equations  are  written: 


(13) 
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where: 


=  a  tri-diagonal  matrix  of  coefficients 
=  a  column  matrix  of  temperatures  at  time  t+1 
=  a  column  matrix  of  terms  on  the  right  side  of  equation  (12). 

Equation  (13)  is  solved  and  the  result  is  the  temperature  profile 
at  time  t+1.  A  more  complete  discussion  of  the  numerical  technique  is 
presented  by  Keller  (10). 


COMPUTER  PROGRAM 


The  simulation  of  reservoir  temperatures  as  described  above  is 
accomplished  by  use  of  computer  programs  722-F5 -ElOlO ,  Heat  Exchange  Pro¬ 
gram  and  722-F5-E1011,  Thermal  Simulation  Program.  The  Heat  Exchange 
Program  assembles  the  meteorologic  data  needed  to  describe  the  interfacial 
heat  exchange  mechanism.  The  program  then  performs  the  necessary  calcula¬ 
tions  to  determine  the  climatologic  input  to  the  reservoir  heat  balance. 
The  output  from  the  first  program  is  then  used  as  a  portion  of  the  input 
for  actual  thermal  modeling  of  the  impoundment. 


HEAT  EXCHANGE 


The  Heat  Exchange  Program  performs  all  the  computations  necessary  to 
determine  the  net  rate  of  heat  exchange  at  the  air -water  interface. 
Computations  to  determine  Equilibrium  Temperature  and  Coefficients  of 
Surface  Heat  Exchange  are  carried  out  using  the  methods  of  Edinger  and 
Geyer  (5),  which  have  been  discussed  previously.  In  addition,  if  no 
measured  values  of  short  wave  solar  radiation  are  available  the  appropriate 
computations  are  made,  using  methods  presented  in  TVA  report  No.  14  (14). 
Input  to  the  program  consists  of  measured  values  of  cloud  cover,  wet  and 
dry  bulb  temperatures,  and  wind  speed.  Also,  physical  characteristics 
such  as  latitude  and  longitude,  and  site  elevation  are  furnished.  Details 
of  the  program  including  a  flow  chart,  variable  definitions,  input 
description  and  sample  output  are  contained  in  Appendix  A. 


THERMAL  SIMULATION 

The  Thermal  Simulation  Program  takes  the  required  hydrologic  and 
meteorologic  data,  assembles  it,  and  performs  the  calculations  necessary 
to  determine  the  annual  temperature  cycle  for  the  reservoir  under  study. 
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The  computations  are  made,  based  on  methods  and  assumptions  discussed  pre¬ 
viously.  Input  requirements  of  the  model  may  be  divided  into  four  categories 
as  site  characterization,  hydrologic,  meteorologic,  and  water  temperature 
data.  Site  characterization  data  are  composed  of  reservoir  width-elevation 
and  area-elevation  tables  for  the  reservoir,  project  latitude  and  longitude, 
and  site  elevation.  The  hydrologic  input  requirements  are  daily  average 
reservoir  inflow  and  outflow,  and  daily  pool  elevation  of  the  impoundment. 
Meteorologic  data  consists  of  mean  daily  values  of  Equilibrium  Temperature, 
wind  speed.  Coefficient  of  Surface  Heat  Exchange  and  short  wave  solar 
radiationfrom  the  Heat  Exchange  Program.  Input  data  for  water  temperature 
consists  of  daily  average  values  of  inflow  water  temperature  and  the  tem¬ 
perature  objective  of  release  water.  The  geometric  configuration  of  the 
outlet  structure  is  required  with  reference  to  the  location  of  various 
levels  available  for  withdrawal.  Details  of  the  program  including  a  flow 
chart,  variable  definitions,  input  description  and  sample  output  are  con¬ 
tained  in  Appendix  B. 


CONCLUSION 


A  mathematical  model  capable  of  reservoir  temperature  prediction  that 
is  relatively  easy  to  use  has  been  presented.  Consideration  has  been  given 
to  maintaining  an  accurate  representation  of  the  physical  characteristics 
of  the  reservoir  under  study  while  adhering  to  the  principles  of  conservation 
of  heat  and  mass.  Results  of  model  verification  studies  are  included  in 
Appendix  C.  It  is  felt  that  the  model  presented  offers  the  best  combination 
of  approaches  to  separate  phases  of  the  total  problem  that  have  been  studied 
by  various  investigators. 
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ELECTRONIC  COMPUTER  PROGRAM  ABSTRACT 


TITLE  OF  FROCRAM 


IIBl 


Heat  Exchange  Program  _ _ 


PREPARING  AGEMCY  Water  Quality  Section,  Engineering  Division,  U.S.A.E.D. 
Baltimore  District,  P.O.  Box  1715,  Baltimore,  Md.  21203 _ 


AUTHOR(S)  DATE  PROORAN  COKPLETCD  ST ATUS  OF  PROGRAM 


Earl  E.  Eiker _ Dec.  1972 _ Revised  Nov.  1977 


A.  PURPOSE  OF  PROGRAM 

To  analyze  the  day  to  day  variations  in  meteorologic  variables  at  a  given 
location  and  using  these  variables  to  compute  Equilibrium  Temperatures  and 
Coefficients  of  Surface  Heat  Exchange  for  use  in  estimating  net  heat  exchange 
between  a  water  surface  and  the  atmosphere. 


B.  PROGRAM  SPtCIPICATIONS 

1.  Language  -  Fortran  IV 

2.  Input  -  card  only 

3.  Output-  printer  and  punched  card  at  users  option 

4.  Size  of  Program  -  8500  words 

5.  External  storage  -  none 

6.  Restrictions  -  none 


C.  METHODS 

Reference: 

Edinger,  J.  E.  and  Geyer,  J.  C.,  "Heat  Exchange  in  the  Environment" 
Dept,  of  Sanitary  Engineering,  Research  Project  no.  49,  The  Johns  Hopkins 
University,  Baltimore,  Md.,  June  1965. 


O.  EQUIPMENT  DETAILS 

Program  is  written  for  the  Univac  1108  computer  but  can  be  adapted  to  com¬ 
parable  system.  Normal  configuration  of  reader /punch  and  printer  required. 
Program  is  written  for  batch  mode  of  time  share  operation. 


Input  consists  of  physical  data  to  describe  the  site  and  mean  daily  values 
of  air  temperature,  wet  bulb  temperature,  wind  speed  and  cloud  cover. 

Output  consists  of  computed  values  of  Equilibrium  Temperature  and  Coefficients 
of  Surface  Heat  Exchange  for  any  time  period  from  one  hour  to  one  day.  Pun¬ 
ched  card  output  is  compatible  with  input  requirements  of  program  no.  722-F5- 
ElOll,  "Thermal  Simulation  Program." 


F.  ADOmONAL  REMARKS 

Complete  documentation  is  available  from  The  Hydrologic  Engineering  Center. 
Source  deck  available  upon  request. 


PREVIOUS  KOITIONS  ARE  OBSOLETE. 
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Appexdix  A. 3 

HEAT  EXCHANGE  PROGRAM 
DEFINITION  OF  VARIABLES 


Variables 


A1 

All 

AEV 

AIRT  (365) 

AMASS 

AMP 

BEV 

HOTEL 

CBR 

CL 

CLOUD  (365) 
DEC 

DEWT  (365) 
DSTL 
DUST 
EA 

EK  (365) 

ES 

ETEMP  (365) 

ETEMP1 

FWIND 

HA 

HAB 

HAE 

HAN 

HHS  (2k) 

HR 

HSD  (365) 

HSDAI 

HSN  (2li) 

IDAY 

IPNCH 

ISW 

LDAY 

NDAY 

NLAST 

NffiR 

PETEMP  (2U) 
PHI 


Constant  in  S.W.  radiation  computation. 

Constant  in  S.W.  radiation  computation. 

Constant  in  wind  speed  equation. 

Average  daily  air  temperature  in  °F. 

Optical  air  mass,  dimensionless. 

Amplitude  of  Equilibrium  Temperature  variation. 

Constant  in  wind  speed  equation. 

Project  elevation  in  ft.  above  msl. 

Constant  in  Bowen  Ratio. 

Cloud  cover  function. 

Average  daily  cloud  cover  in  tenths. 

Declination  of  sun  in  radians. 

Average  daily  dew  point  temperature  in  °F. 

Time  difference  between  local  and  standard  meridians  in  hrs. 
Constant  in  S.W.  radiation  computation. 

Atmospheric  vapor  pressure  in  inches  of  Hg. 

Coefficient  of  Surface  Heat  Exchange  in  BTU/FT 2/DAY /®F. 
Saturation  vapor  pressure  in  inches  of  Hg. 

Equilibri-um  Temperature  in  °F. 

Initial  Equilibrium  Temperature  (IDAY)  in  °F. 

Wind  speed  equation. 

Atmospheric  radiation  in  BTU/FtVdAY. 

Hour  angle  at  beginning  of  time  period  in  radians. 

Hour  angle  at  end  of  time  period  in  radians . 

Net  atmospheric  radiation  in  BTU/FT^/DAY. 

Hourly  solar  radiation  (hemispheric)  in  BTU/FT^/HR. 

Absorbed  radiation  in  BTU/FT^/DAY. 

Daily  solar  radiation  in  BTU/FT2/DAY. 

Daily  solar  radiation  in  BTU/FT 2/DAY. 

Hourly  solar  radiation  at  site  in  BTU/FT 2/HR. 

First  day  of  computation  (Julian). 

Eq.  2  if  punched  card  output  desired,  Eq.  1  otherwise. 

Eq.  1  if  S.W.  radiation  is  furnished,  Eq.  2  otherwise. 

Last  day  of  computation  (Julian). 

Day  number  for  computations. 

Number  of  bits  of  meteorologic  data  furnished. 

Length  of  one  period  in  hours . 

Number  of  bits  of  S.W.  data  furnished. 

Period  Equilibrium  Temperature  in  °F. 

Latitude  of  project  in  radians. 
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PHHS  (2ii) 
PHSN  (2h) 
RATIO 
EFA 

RFG 

RFS 

SGDAY 

SIG 

SLOPE 

STR 

cfpq 

sw  (365) 
TABS 
TIME 
WAT 

WIKD  (365) 

XDAY 

XLAT 

XLONG 

XPER 

XXLONG 


Period  solar  radiation  (hemispheric)  in  BTU/FT^PERIOD. 
Period  solar  radiation  (net)  in  BTU/FT^/PERIOD. 

Relative  distance  between  earth  and  snn. 

Water  surface  reflection  of  atmospheric  radiation  in 
hundredths . 

Reflectivity  of  ground  in  hundredths. 

Water  surface  reflection  of  S.W.  radiation  in  hundredths. 
Mean  daily  solar  radiation  (hemispheric)  in  BTTJ/FT^/DAY. 
Stefan-Boltzmann  constant. 

Slope  of  temperature  vs.  saturation  vapor  pressure  curve. 
Standard  time  of  sunrise  in  hours. 

Standard  time  of  sunset  in  hours. 

Daily  solar  radiation  in  BTU/FTvDAY. 

Absolute  temperature  -  i;60  °F. 

Time  of  day  in  hours. 

Mean  daily  precipi table  water  content  in  CM. 

Mean  daily  wind  speed  in  knots. 

Day  number  for  computations. 

Latitude  of  project  in  degrees. 

Longitude  of  project  in  degrees. 

Length  of  time  period  in  hours . 

Longitude  of  standard  meridian  in  degrees. 


WORKING  VARIABLES 


AL,  ALF,  ALT,  AN,  B,  ETRY  (3),  KE,  KNT,  LE,  M,  NEX,  SIGN,  ST,  STT, 
SUMH,  SUMQ,  XI,  X2,  X3,  XI,  XM,  XTEM,  XX,  Y1 ,  Y2,  Y3,  YM. 
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Appendix  A. 4 
HEAT  EXCHANGE  PROGRAM 
Input  Description 


Card  No. 

1  FORMAT  (2110) 

NDATA  -  Number  of  jobs  to  be  run 

IHCJ  -  Output  format;  0  for  printer,  1  for  LARM  model  input  file, 
-1  for  HEC-5Q  input  file,. -2  for  WQRRS  input  file 

2  FORMAT  (20A4)  Job  title  -  one  card. 

3  FORMAT  (8F10.0) 

ADOC  -  constant  to  be  added  to  cloud  cover  (defau1t=0} 

AOOW  -  constant  to  be  added  to  wind  speed  (defau1t=0) 

AOOT  -  constant  to  be  added  to  dry  bulb  temperature 

(default=0) 

AOOD  •  constant  to  be  added  to  dew  point  temperature 
(default=0) 

CiillLT  -  factor  to  be  multiplied  times  cloud  cover 
(default=l) 

WMULT  -  factor  to  be  multiplied  times  wind  speed 
(default=l) 

TMULT  -  factor  to  be  multiplied  times  dry  bulb  temperature 
(default=l) 

IXiULT  -  factor  to  be  multiplied  times  dew  point  temperature 
(default=l) 

4  FORMAT  (6110) 

NLAST  -  Number  of  bits  (e.g.,  days)  of  meteorological 
data  furnished.  Usually  365. 

ISW  -  Equals  1  if  short  wave  radiation  furnished,  equals  2 
otherwise. 

NSW  -  Number  of  bits  of  short  wave  data  furnished, 

IDAY  r  First  day  of  computation.  Usually  one. 

LOAY  -  Last  day  of  computation.  Usually  365. 

IPNCH  -  Equals  2  if  punched  card  output  desired,  equals 
1  otherwise. 

6  F0Rf4AT  (2F10.2) 

ETEMPl  -  Estimated  initial  Equilibrium  Temperature  in 
®F.  Usually  use  air  temperature. 

XPER  -  Length  of  computation  period  and  output 

interval  for  solar  radiation  only.  Usually  24. 
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7 

8 

9 

10 

11 

12 

13 

Note: 


FORMAT  (4F10.2) 

AEV  -  Evaporation  formula  constant  (0  for  daily  data). 
BEV  -  Evaporation  formula  constant  (426  for  daily 
data  from  Lake  Colorado  City  Studies). 

RFS  -  Reflected  S.W.  radiation  In  hundredths.  Only 
used  If  ISW  equals  1.  (0.05  from  Lake  Hefner 

Studies). 

RFA  -  Reflected  long  wave  radiation  In  hundredths 
(0.03  from  Lake  Hefner  Studies). 

FORMAT  (4F10.2)  -  omit  this  card  If  card  12  is  used. 

BOTEL  -  Elevation  of  project  in  feet  above  sea  level. 
XLAT  -  Latitude  of  project  in  degrees. 

XLONG  -  Longitude  of  project  in  degrees. 

RFG  -  Reflectivity  of  ground  surrounding  the  lake. 

This  variable  effects  refluted  solar  radiation 
into  the  lake.  See  table  on  Appendix  A. 6. 


FORMAT  (12X,  34F2.0) 

CLOUD  (NLAST)  -  Mean  dally  cloud  cover  in  tenths. 


FORMAT  (12X,  34F2.0) 

WIND  (NLAST)  -  Mean  daily  wind  speed  in  knots.  Can  be 
be  used  in  m.p.h.  if  VIMULT  on  card  3 
4c  oniial  tn  0.8884. 


FORMAT  (12X,  22F3.0) 

AIRT  (NLAST)  -  Mean  daily  air  temperature  in  *F. 

FORMAT  (12X,  22F3.0) 

DEWT  (NLAST)  -  Mean  daily  dew  point  temperature  in  *F. 

FORMAT  (12X,  11F6.1)  -  OPTIONAL 

SW  (NLAST)  -  Total  daily  short  wave  solar  radiation  in 
Langleys/day. 


FORMAT  (12X,  13F5.0)  -  OPTIONAL 

BP (NLAST)  -  Barometric  pressure  needed  if 
output  is  for  VQRRS  model. 

(Card  1.2  is  -2) 
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Appendix  A. 6 
HEAT  EXCHANGE  PROGRAM 
Table  of  Values  for  REG 


Meadows  and  fields 
Leave  and  needle  forest 
Dark,  extended  mixed  forest 

Heath 

Flat  ground,  grass  covered 

Flat  groTind,  rock 

Sand 

Vegetation  early  summer,  leaves  with  high  water 
content 

Vegetation  late  summer,  leaves  with  low  water  content 
Fresh  Snow 
Old  Snow 


o.iU- 

0.07  -  0.09--- 
0.0U5--- 
0 . 1 0-::- 

0.25  -  0.33 
0.12  -  0.15 
0.18 

0.19 

0.29 

0.83 

0.U2  -  0.70 


'--May  be  too  low 


Reference : 

Tennessee  Valley  Authority,  Division  of  Water  Control  Planning,  Engineering 
Laboratory,  ’’Heat  and  Mass  Transfer  Between  a  Water  Surface  and  The  Atmosphere 
Water  Resources  Research,  Lab.  Rept.  No.  Ili,  Norris,  Tennessee,  July  1967,  Rev 
May  1970. 
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HEAT  EXCHANGE  PROGRAM 
SAMPLE  INPUT 


1 

197«  charleston  /  SUTTON  LAKE,  W,  VA,  AIR  X  DEW  •  2,5  DE8,  P 

^  A  e  K  4  t  < 


3  — 

- 0 

0 

•2,5 

-2.9 

4  — . 

- -369 

1 

.0 

1 

5  — 

- :3S. 

24, 

6  — 

- 1  0. 

42ft. 

0. 

0.03 

7  — 

- 925. 

38.861 

80,694 

0,19 

iO  ^lOlQXwlOlOlOlDIOXw  o  0X0  fxo  B  r  i  fv  ^  w  -m 

10  SiOlOlO  9  5  4  C  9l0  010  110  7  '9  710  S  J  S  llOlO  IIOIOIOIOIO  •  7  9 

*  Jk  ^  ^  .  A  A  4k  .J»  4  A  saa  a  •  *  ■  V^AiA  A  A  A4.A  'I  tA4.A4.A  4  filO  A  Ql  fi 


91010  1  31010  9  '910  710  0  7  8  5  71010  B  B  BIO  3  '91010 
9  BIQ  2  0  7  7  01010  4  8  ft  I  >5  8  i5  ;S  BIO  9  BIO  5  !510  7 


3  910 
0  9  2 


T  010  6  a  r  7  Ol'VXW  •  •  O  »  -3  o  »*•  ^  f  »  »  m  Z 
10_7  8  3  4  9  8_8  7i0  J  Bl01Jiei0  7_|,10_6  A  4 J«  l.  6  :S  3  4  4  9  7  7  4  5 

8  91010  8  9  8  n'e  7  ft  ft  1  1  31010  7  BlOlO  8  9  ft  1  9  ft  4  7l5  7  1  fclO 
B  SIO  ft  7  B  B  3  IS  810  71010  7  7  '9101010  8  1  3  7  710  3  8  4  3  4  5  8  7 
ft  9  91010101010  19  41010101010  7  '9  910  7  9  7  4  11010  7  3  2837  710 
1  i  7  4  2  0  010  >4  2  0  010  9  91010  010  710  0  0  4101010  0  OlO  9  9  7  6 

10  9  9  ftlO  6  3  9  <9  9  710  2  ft  iSlOlO  710  7  0  810  4  i5  0  7101010  310  0  ;2 
1010  9  0101010  910  9101010  7  8  3  ftlO  9  91010  '910  '9  .  .  _ 
ft  ft  3  ft  >3  9  7  9  <6  4  8  7  4  ftlOlO  8  6  7  ft  8  3  ft  4  13  412  8  3  219  4  7  '9 

9  4  ft  9  ft  ft  9  9  t  ft  ft  9  4  9  3  9  7  71ft  9  910  7  ft  '9  19  71010  9  4  I  4  8 


11  5  4  9 
13  4  9 
ft  9  9  4 
2  2  2  7 


ft  9  9  t  ft  ft 
ftl314  8  ft  <5 
9  ft  2  41011 
4  9  4  ft  19  4  3 
9  4  3  4  4  4  8 
2  7  9  3  1  4ft 


ft  9  4  9 
5  9  4  3 
18  4  3 
3  13  7  i 
8  ft  3  9 


3  3  9  ft  4 


'9  19  71010  9  4  1  4 
9  '910  9  9  7  8  4  5 

;S  <9  8  3  4  ft  8  9  7 

>9  7  4  2  3  9  7  9  9 

4  4  2  I  4  7  3  3  3 


4  2  ft  8  4  4  4  ft  7  4  4  1  2  i2  0  3  >5  ft  4  4  2  ;9  4  3  ;9  4  ft  4  4  7  3  3  410 

^  .a,  ^  .A  k  .A  k  k  k  A  k  -A  •  A  'A  il  •  (A  ^  'A  .  A  A  'V  A  -A  V 


9  9  9  3  3  3  1  2  .2  1  2  1  1  1  ft  ft  4  7  4 
13  7  9  4  4  1  1  2  ft  81110  9  3  ft  1  41011 
9  7  8  4  2  4  2  3  7  ft  ft  7  9  1  ft  9  8  9  8_ 


0  2  3 
4  2  2 


30  31  39  30  31  33  33  30  42  44  42  24  23  39  190  Sft  I9ft  199  ftO  ftl  i93  >92 

91  37  39  91  82  49  49  44  90  41  49  34  27  :23  41  37  29  22  28  30  43  191 

40  39  40  37  40  90  38  45  32  37  34  21  8ft  37  47  4ft  199  ftB  71  I92  92  48 

47  64  99  43  43  32  14  45  44  37  42  91  48  42  137  91  131  i31  «ft  191  99  >99 

49  44  67  62  ftS  48  49  40  49  92  33  41  9ft  44  48  69  49  98  90  44  94  >98 

70  ftft  94  4ft  48  99  84  71  T9  73  83  59  83  49  >92  91  49  97  41  49  49  42 

99  70  72  73  79  72  72  72  73  7l  ft9  ftft  ftO  i9ft  49  ftO  48  49  71  49  «8  ftft 

69  70  72  7ft  74  77  77  68  84  63  ftS  89  ftft  .98  ftft  71  78  77  75  44  41  49 

42  42  82  62  78  76  7ft  79  79  7ft  73  T9  76  77  79  73  48  70  74  72  71  72 

78  73  72  70  70  70  72  71  73  79  74  74  71  71  71  73  74  72  87  48  71  72 

73  73  71  72  79  74  74  73  79  48  72  70  71  71  73  74  79  7ft  76  73  79  74 

73  71  67  83  98  9ft  9ft  69  48  67  ft9  72  72  73  99  98  ftO  ftft  ftft  48  48  4ft 

44  47  90  98  97  41  ftft  63  94  49  42  37  4ft  49  47  90  44  48  44  48  62  49 

ftft  97  90  92  48  42  3ft  34  43  90  98  ftl  93  47  53  83  63  44  44  ftft  43  .ftft 

49  46  42  3ft  42  90  98  49  42  40  34  3ft  3ft  48  54  93  44  4ft  44  5ft  38  <88 

43  49  34  39  34  42  32  28  26  43  42  42  29  :29  44  43  49  48  49  40  32  18 

39  SO  38  46  90  .59  42  29  39  41  44  47  47 

17  14  34  28  28  42  19  84  40  43  40  14  14  41  44  44  47  4ft  45  .92  4ft  41 

42  44  37  47  43  42  37  49  41  18  43  32  10  1ft  43  42  12  t9  20  1*  20  47 

49  2ft  30  24  24  47  Si  30  49  20  2ft  IS  14  17  40  42  48  47  42  47  49  .97 

94  52  40  39  42  14  19  29  39  17  24  47  38  39  H  19  Ift  10  29  3ft  44  47 

41  39  40  43  48  5ft  3ft  88  2ft  44  29  18  31  42  92  92  44  40  44  44  40  34 

43  91  38  30  28  S3  39  46  92  54  47  4ft  59  40  48  38  40  40  42  47  59  194 

40  4ft  97  ftO  67  ftft  69  62  ftl  69  60  98  46  46  44  48  62  64  ftft  63  96  46 

5ft  94  82  69  89  ftft  83  99  91  4ft  94  ftl  9ft  4ft  41  9ft  ft7  ftB  67  62  94  194 

.54  98  ftO  98  ftO  64  67  67  ftft  67  69  68  ft9  69  ftft  ftft  ,57  97  60  ftft  83  64 

87  67  84  61  ftO  69  ftft  64  68  67  ft7  87  ftl  49  49  69  ft7  42  ftO  62  89  48 

87  67  49  68  68  84  ftft  68  67  66  64  63  42  63  619  ftft  ftS  49  48  ftl  ft9  .ftft 

48  66  63  60  90  4l  97  ftl  63  69  47  ftft  ftft  47  46  94  46  49  40  ftO  82  '97 

49  48  41  47  90  4ft  63  92  41  37  17  17  19  47  42  45  46  96  41  44  49  4ft 

93  90  48  41  37  18  18  24  29  34  47  92  43  41  41  44  49  44  44  49  .59  592 

47  31  39  32  32  32  3l  39  27  2ft  20  13  32  49  48  44  17  17  27  37  33  17 

10  23  20  19  31  30  19  20  fl  21  Ift  37  20  19  13  34  44  44  29  44  16  10 

40  29  30  24  21  42  3ft  If  34  3ft  3«  41  43 


The  first  twelve  columns  of  this  card  have  been  used  for  Identification. 
They  can  be  left  blank  If  desired. 
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uj  0^Ai(u^<^ov»^Atc:v<cDcvcucri\ifUB^9fno9cron]mtnv«oirK><r^«Nov9v4oopi«<A«}inr^Q<Dru 
o  <u<UPniunjK)cuAtm9^rn«4««c\i9'9«r9intn^m9'mm9*99r>omfu«^9Ki«>«^mfnru«*««>4^»4irirr)fur\t<v 


•-*  e9^r^0C^•-•«^«oruofV«4f^«99^«Dcr•^o<^l^^-cro^^mcuiDO'r>>fu•n^c^lnp^o««>^<^lc^maclP 

c  rymroi\ir\srnfnAi9’79'maim9tnininiriKninin9mpn9«<a'77a'ivi7rnnifurnpnmnjmAi79‘fn^^fni>n 


z  ^^rn»^pniC«:^r^inQ^z(rt»>^M«ucrr^flDr^c^K)^»cnpntn<arcrr*^c\)cuinaD^omr^ot^»^ooc^r*-r^«ino 


>>  0  9 

X  •-• 

CO 


ooooooooo<Da>o^•>o«^o^^o«oooo^-oomfu^^ooo«ooo«ra^90c^ooo«« 


««9«^9*^«^«-«««9«-»vitOoru9999a>fV«««cvo<p«iOfU«oo^OfV9«9oruinr^to^B^Aj;«3ru«D9 

ui  iK>mc%ft^o^inKnF^9in9^^^crfninpnpn9'oc^«^f»io<r'Kir^co^9«i«90cooc9^coor^aDfn9cc€i2Pnof*ifn 
z  mru9ru90^o^n>«Hi^«^oopnino^439^90inino'minr*».crr^|i^Of*i9^«^-4>^co9'««ofoo<uco^wD^o 
«D<A90o<o<Do^*«^^ino«^9niFi«99  OK)9aioo  oo*  f\ic^r*-inocr'  i^«r->^3«cuo«o»»» 


^^in^<rf\fAi^9m9f\ir>»«^cD'^99ajior>*‘9(r^o«^cr<rniocuocDAJAi««990^inc^r>»f'io^vi««o 

K>9AlKt«99fO(^rxl9^^^or\JC^(M^^<Al^9f^>oc^«<•Allnm(^*4r^f09nc^Ol^^K)«4004lpnlnc^^-*<lr^^ 
z  o^•>o<D01nl^<o^•>fn^tflmo«-r^m«>«cr  oicc  rveutnomm^^fn^ir  ^f^«««ininr^m«in«»in(\t«-«iuin 
j  «>^o«09-<^fr<D«^ni*«ijDNO«-tfVKnM)9<49tn9aj9p««9tnfn*^a^o<^m€^«oin«40h->^r>»^«oi'i^r^^^- 


>*  •-•ao^m9'«-«ruoornm9  9«-«f^m«^of099«o999«^<D«croinaDOcncnv«a>c\ifl^omO'^r^min<D9 

o  ocr>«Bmm9t^«4<4)4»or»»runimooccoorn«rm<p«moi*ii«-«crniincDnimfn<r’9Cu«^aafymcrocwr>^«i>«n 
«-*t*>«^AirOr«icximnifUi«iin^99«rf»)m94>tftr*-^t^ls-t^<tta»fnrut^coOMcQilirufn90^94»cu^m^»tt^ 

CO  ..._..  ■  “  ■  ^  ^  "  '  wk  '  iA 


O 

CJ 


X 

U4 


o«^o«^v>moc\fOpnicroff\i9r**-crco€\if^cr'cra>ino*'^99mpn9m^Bi^O'9^9CD^OA}omo^r^4D<o 

^iC9-«vntfir^inr»>in«D^9yD«-««^o«o-ov9«arr*»99«n9cr9roo9«oinr^9^<otnina>a>co^«m9aD 


X  ««l^«-r««9CAKOKIrlt^A)Q«4r^9^•«3«<^«c«c^9r^^^l\t%om9<vflcr^V1<c•«*<i^»*^cr^<^l^ofVin^» 

tij  «•■•••••«•••••••*«••«••«••  ••••••  ••••«•••«••••«•• 

t->  9cco'Br>cnocD9cco<D€ro‘m^0  «<fKiu^^r>>oircvinr^<V9*'^ao9cc9or\iin^i*<^cr9oo^cco^f^ 
<\}mnjr\iniasf\iroK)9fn^«4ro99intr(ntn9tn9Poro9in999'9‘f09roc\if\2KiKtAt«4ruK>99m9fOfo 

C3 

UJ 


>>  «Hirufn9m«^^<Dcr  o«-«furn9in4>r»^cK>cr  o^cxtm^cn^r^ttcrov^mrovtn^t^ocr  o«^fum9in«r^o 
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<^EOMETRIC  ELE^^ENTS  FROM  CROSF  SECTIOM  COORDINATES 


INTRODUCTION 


1.  ORIGIN  OF  PROGRAM 

This  program  was  developed  at  the  Hydrologic  Engineering  Center 
by  William  A.  Thomas. 

2.  PURPOSE  OF  PROGRAM 

The  purpose  of  this  program  is  to  orepare  tables  of  hydraulic 
elements  for  use  by  the  computer  program  "Gradually  Varied  Unsteady 
Flow  Profiles."  It  reads  data  coded  in  the  standard  format  for  "Water 
Surface  Profiles,  HEC-2"  and  produces  tables  of  hydraulic  elements  for 
nodal  points  spaced  a  constant  distance  apart.  The  following  hydraulic 
elements  are  calculated  for  each  water  surface  elevation  specified  in 
the  table:  Cross  sectional  area,  hydraulic  radius  to  the  2/3  power, 
top  vn'dth,  average  n-value,  and  velocity  distribution  factor.  In  additi 
to  printing  the  hydraulic  elements  as  each  cross  section  is  processed, 
the  tables  of  hydraulic  elements  interpolated  for  each  node  are  printed 
and  the  user  may  elect  to  have  these  tables  also  punched  on  cards. 

'PROGRAM  DESIGN 

1.  CAPARILITY  OF  COMPUTER  PROGRAM 

In  water  surface  profile  calculations  it  is  important  to  model 
conveyance.  This  sometimes  results  in  cross  sections  which  end  at  a 
flow  boundary  rather  than  extending  all  the  v/av  to  the  high  ground 


as  illustrated  in  figure  No.  1.  In  unsteady  flow  profile 
calculations  it  is  necessary  to  also  model  the  conveyance.  However, 
there  is  the  additional  requirement  that  storage  in  the  reach  must  he 
modeled  also.  This  dual  requirement  is  fulfilled  by  assigning  limits  of 
flow  to  any  cross  section  which  might  not  convey  flow  over  its  entire 
cross  sectional  area.  The  entire  area  is  available  for  storage,  however. 

The  elevations  in  the  hydraulic  elements  table  are  soecified  at 
the  downstream  end  of  the  study  area.  These  may  be  projected  section 
by  section  to  the  upstream  end  on  a  horizontal  line,  or  a  sloping  line 
may  be  used.  Oftentimes  the  number  of  elevations  required  to  specify 
the  geometric  model  can  be  reduced  if  a  sloping  computation  grid  is 
utilized.  The  slope  may  be  changed  at  any  cross  section  in  the  study 

area  or  may  be  based  on  the  stream's  channel  bed  slope. 

Normally,  the  interpolation  to  establish  computation  nodes  is 
done  based  on  the  main  channel  length.  However,  if  another  length  would 
be  more  appropriate,  these  values  may  be  specified  for  each  cross  section. 
This  does  not  change  the  reach  lengths  used  in  computation  of  volume  or 
accumulated  surface  area.  Rather,  the  so-called  "weighted"  lengths  are 
designed  to  be  more  along  the  center  of  the  flow  and  are  only  used  in 
locating  nodes. 

Ineffective  area  may  be  specified  just  as  it  is  in  the  data  for  water 
surface  profile  calculations.  This  area  is  considered  to  be  ineffective 
both  for  conveying  and  storing  water  until  the  water  surface  rises  to  a 
certain  minimum  elevation.  Above  this  elevation  the  area  is  no  longer 
considered  to  be  ineffective.  It  is  utilized  both  in  conveyance  and 
storage  calculations. 
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Rg.  1  Plan  View  of  River  and  Flood  Plain 


The  unsteady  flow  routing  model  permits  n  to  vary  with  elevation  but 
only  one  value  may  be  specified  for  the  entire  cross  section  at  each 
elevation.  However,  in  most  steady  flow  calculations  for  v/ater  surface 
profiles,  different  n-values  may  be  used  in  the  overbanks  and  main 
channel.  This  program  accepts  n-values  specified  in  the  normal  way 
and  calculates  a  composite  n  for  each  elevation  based  on  conveyance. 

The  interpolated  values  for  top  width  are  calculated  from  accumulated 
volume  in  the  study  reach  rather  than  the  cross  section  width  at  the 
water  surface.  This  insures  that  the  correct  volume  is  preserved  in  the 
geometric  model. 

2.  PROGRAM  OR6ANIZATIOM 

The  functional  and  oroani national  •f'lov/  chart  is  sho^vn  in  figure  ?. 

A  t-io  pass  comoutation  procedure  is  used.  During  the  first  pass,  input 
data  is  read  section  bv  section,  and  hydraulic  element  tables  of  area, 
hydraulic  radius  to  the  2/0  pov/er,  water  surface  width,  composite  n-value, 
the  velocity  distribution  factor,  surface  area,  and  volume  are  calculated, 
stored  and  printed  out  for  each  cross  section.  The  position  of  each 
cross  section  is  located  in  terms  of  distance  to  the  dnv/nstream  boundary 
using  either  the  channel  length  or  weighted  length  -  if  those  yalues  are 
specified.  After  the  final  cross  section  has  been  processed,  the  second 
pass  is  made  through  the  hydraulic  element  tables  at  v/hich  time  the 
position  of  each  nodal  noint  is  located  and  the  interpolated  yalues 
for  the  hydraulic  element  tables  are  calculated.  All  ot  the  second  pass 
calculations  are  performed  in  subroutine  TNTPL. 
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THFORETICAL  ",ASIS 


1.  COMPUTATION  np  GPO'CTPIC  ELPMPNTS 

Each  cross  section  is  defined  hy  coordinate  ooints,  and  for 
convenience  of  assignino  n-values,  reach  lengths,  etc.,  each  cross 
section  is  divided  into  subsections. 


a.  Typical  cross  section 


b.  Subdivisions  of  typical  cross  section 


Fig.  3,  Typical  Cross  Section 


The  cross  section  is  subdivided  into  left  overbank,  main  channel, 
and  right  overbank,  and  hydraulic  elements  are  computed  for  each  of  these 
subsections,  as  shown  below. 

a.  Subsection  area.  The  subsection  area  is  comnuted  by  surnminn 
incremental  areas  between  consecutive  coordinates  of  the  cross  section. 
Fig.  4  illustrates  the  technioue  by  using  the  Main  Channel  subsection 
(3)  of  the  previous  figure  as  an  example. 


A3  -  a,  +  aj  +  aj  +  a, 


The  equation  for  an  incremental  area  is: 


a  = 


Normally,  where  and  are  defined  as  shown  in  fig.  5,  an 

incremental  area  is  defined  by  two  consecutive  cross  section  coordinates. 
However,  at  the  first  and  last  increments  in  each  subsection,  a  subsection 
station  defines  one  side  of  the  incremental  area.  If  the  subsection 
station  does  not  coincide  with  an  X  coordinate,  as  below,  straight  line 
interpolation  is  used  to  compute  the  length  of  either  ,  Bp  or  both. 
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Fiq.  5.  An  Incremental  Area 

b.  Wetted  perimeter.  The  wetted  perimeter  is  computed  as  the 
lenqth  of  cross  section  below  the  water  surface.  In  the  case  of  Fiq. 
4  this  is: 

P3  -  p,  t  P3  +  P3  *  P, 

The  equation  for  wetted  perimeter  of  each  incremental  area  is: 


where  and  are  defined  in  fig,  5.  Note  that  only  the  line 
between  coordinate  points  and  neither  A-j  nor  is  considered  in  p. 

No  energy  is  transferred  between  adjacent  subsections. 

c.  Hydraulic  radius.  The  hydraulic  radius  is  calculated  for  each 
subsection: 
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2 .  CAfjVEYANCF 


The  conveyance  is  connoted  for  each  subsection  bv: 


LiiA.R.2/5 

"J 


The  total  conveyance  in  the  cross  section  is 


where  NSS  is  total  number  of  subsections. 

?.  ALPHA,  THE  VELOCITY  OISTRIRimOM  FACTOR 

Alpha  is  a  factor  to  account  for  the  distribution  of  flow  across 
the  flood  nlain  and  not  the  vertical  shane  of  the  velocity  profile. 
Larqe  values  of  Alpha  may  occur  if  the  deoth  of  flow  on  the 
overbanks  is  shallow,  the  conveyance  small,  and  the  area  larqe. 

Alpha  is  computed  as  follows: 


where  A^  is  the  sum  of  the  subsection  areas, and  is  sum  of  conveyances. 
A.  COMPOSITE  N-VALUE 

The  composite  n-value  is  calculated  as  follows: 

_  1.49  X  SUMA  X  COMR^^^ 
n - SUMK  “ 


SUMA  =  Total  area  of  cross  section  (conveyinq  flow) 

COMP.  =  Composite  hydraulic  radius  =  SUMA/SUMP 

SUMK  =  Total  conveyance  of  cross  section  (conveyinq  flow) 

SUMP  =  Total  wetted  perimeter  of  cross  section  (conveyinq  flo'v) 


‘5.  VOLUME  AND  TOP  MIOTH 

Volune  beneath  the  specified  elevation  is  calculated  by  averaqinp 
each  subsection  end  area  and  multiplyinn  hv  the  subsection  reach  lenqth. 
These  results  are  accumulated  for  each  reach  and  with  distance  from  the 
downstream  end  of  the  study  area. 

TOP  WIDTH  (not  SUMl^O  is  calculated  for  each  nodal  point  usinq  the 
interpolated  values  of  accumulated  volume. 
v?ox  =  X  DH  X  2  X  nx 

where 

Vpjjx  "  Volume  of  water  that  could  be  stored  between  nodal 
■  points  located  a  distance  of  2  x  DX  apart 

V  =  Volume  correspondinq  to  the  elevation  IDH  below  that 
elevation  for  V^^j^ 


B,,  =  TOP  WIDTH  at  elevation  DH/2  below  that  elevation  for 


w 


V 


2DX 


OH  =  Vertical  distance  between  values  in  the  elevation  table 
DX  =  Horizontal  distance  between  nodal  points 


PROGRAM  USAGE 

1.  COMPUTER  EQUIPMENT  REQUIREMENTS 

This  program  requires  46000  decimal  words  of  central  processor  memory 
on  a  CDC  7600.  Punch  file  output,  when  requested,  is  written  on  Tape  7. 

A  tape  95  is  always  generated  for  plotting  results. 

2.  INPUT  PREPARATION 

The  bulk  of  input  data  is  required  for  pass  I.  Only  the  DX  value 
(or  the  number  of  nodes)  is  utilized  in  subroutine  INTPL. 
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a. 


Modeling  the  study  reach.  With  the  study  reach  located  on  a 
topographic  map,  mark  the  left  (upstream)  and  right  (downstream)  boundaries 
and  the  lateral  limits  for  the  geometric  model.  Mark  the  location  of 
each  cross  section  in  the  study  reach.  Subdivide  the  flood  plain  into 
channel  and  overbank  strips.  Determine  the  reach  length  for  each  strip. 
This  will  be  the  distance  between  cross  sections  unless  a  strip  ends 
before  reaching  the  next  cross  section.  Assiqn  n-values  to  each  strip. 

It  is  important  to  correctly  model  both  volume  and  conveyance. 
Therefore,  delineate  portions  of  a  cross  section  conveying  flow  from 
that  portion  which  just  stores  v/ater.  Special  cross  section  controls 
are  provided  for  this  purpose  (see  subparagraph  2h  (3)  below).  A  sketch 
of  the  flow  lines  is  usually  sufficient  to  adequately  separate  conveyance 
of  v/ater  from  storage  of  water  in  the  geometric  model. 

b.  Coding  input  data.  Code  the  data  by  starting  at  the  downstream 
boundary  and  proceeding  to  the  upstream  boundary.  A  sample  listing  of 
the  data  cards  for  the  problem  presented  in  fig.  6  is  shown  on  page  1, 
exhibit  1.  A  detailed  description  of  input  variables  is  given  in  exhibit 
3  and  a  summary  of  required  cards  is  shown  in  exhibit  4. 

(1)  Cross  section  coordinates.  The  station  points  which  define  the 
cross  section  geometry  must  be  positive  values  in  units  of  feet  (actually, 
any  consistent  set  of  units  may  be  used  with  this  program  if  n-values  are 
appropriately  chosen)  and  must  be  entered  in  increasing  order  of  magnitude. 
These  are  coded  on  GR-cards. 
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{?.)  Subsection  stations.  The  left  and  right  sides  of  the  main 
channel  subdivide  the  cross  section  into  subsections.  These  do  not 
have  to  coincide  with  a  coordinate  point,  but  they  can. 

(3)  Conveyance  limits.  Comoutations  for  conveyance  can  he 
restricted  to  any  portion  of  a  cross  section  by  snecifyinq  limits  with 
either  STS,  ENST  or  both  on  the  CL-card.  None  of  these  controls  have 

to  coincide  v/ith  a  subsection  station,  but  they  can.  Volume  computations 
are  not  restricted  by  th^se  controls.  The  entire  cross  section  is 
utilized  to  compute  volume. 

(4)  Reach  lengths.  The  reach  length  should  be  measured  in  feet 
and  entered  on  the  XI  card  for  the  upstream  end  of  each  reach.  A  value 
is  required  for  each  strip  in  the  reach.  This  length  does  not  have  to 
extend  from  one  cross  section  to  the  next. 

(5)  n-values.  Manning's  n-values  can  either  be  a  constant  in  each 
strip  or  they  can  vary  vertically  with  either  elevation  or  discharge  in 
the  main  channel.  They  should  be  defined  at  the  first  cross  section  and 
be  redefined  only  as  necessary  to  change  their  value. 

(6)  Elevation  table.  This  program  will  accept  up  to  30  different 
elevation  values  spaced  at  random.  However,  the  "Oradually  Varied  Unsteady 
Flow  Profiles"  program  will  accept  only  21  values  of  elevation  and  these 
may  not  be  spaced  at  random  intervals.  Only  three  different  intervals 

may  be  specified  and  these  intervals  must  be  integer  numbers.  The 
elevations  may  be  real  numbers  but  the  interval  between  elevations 
must  be  integers. 
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It  is  recommended  that  larqer  increments  be  used  at  the  top  and  bottom 
of  the  elevation  table  so  that  solutions  generated  by  the  unsteady  flow 
program  will  always  remain  within  the  table. 

(7)  Section  no.  A  cross  section  identification  number  is  always 
assigned  on  the  Xl-card.  River  mile  is  reconmended.  However,  this  value 
is  used  for  identification  only  —  not  for  distance  between  cross  sections. 
Likewise,  node  numbers,  which  are  interpolated  from  Section  Numbers,  are 
for  identification  only. 

c.  Computation  grid.  It  is  often  desirable  to  project  the  values 
in  the  elevation  table  on  a  slope  rather  than  horizontally.  This  is 
permitted  by  input  variable  ASEL  (JP-card).  It  is  also  necessary  to 
establish  the  distance  between  interpolated  nodes.  The  routing  program 
requires  an  odd  number  of  nodes  equal  to  or  greater  than  5.  This  can 
be  produced  by  specifying  NODE  (JP-4)  or  DX  (<]P-3).  The  computation 
grid  is  different  from  the  computation  net  in  the  unsteady  flow  program. 
This  grid  is  in  the  (X,Y)  plane  whereas  the  computation  net  is  in  the 
(X,T)  plane. 

ORORRAM  niJTPUT 

1.  PRINTED  ninpiiT 

Printed  output  is  shown  in  exhibit  1.  As  each  cross  section  is 
processed.  Average  Section  Number,  Reach  Length  (channel  strip). 

Elevation,  Area,  '’7/3,  ton  width  of  conveyance  portion  of  section, 
weinhted  n-value,  Coriolis  coefficient  (aloha)  for  velocity  distribution, 
accumulated  surface  area  and  accumulated  volume  beneath  the  water  surface 
are  printed. 
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After  the  final  cross  section  has  been  processed,  the  qeometric 
model  beinq  developed  for  the  unsteady  flc*/  oroqram  is  printed.  Finally, 
a  table  of  elevation  versus  volume  is  printed.  These  values  are  for 
comparison  with  the  volumes  printed  at  Section  'lo.  1  of  pane  ?.,  exhibit 

1 ,  as  a  check  on  the  ability  of  the  interpolated  qeometric  data  tables  to 
reproduce  the  actual  volume  of  the  study  reach. 

2.  PUNCHED  CARD  OUTPUT 

The  qeometric  elements  "/ill  be  punched  on  cards  if  that  option  is 
exercised  (Card  JP-ID).  The  default  option  suoDresses  the  punch.  It 
is  always  advisable  to  review  the  orinted  results  before  punchinq  the  data. 

EXAMPLE  PROBLEM 

The  followinq  fiqure  shows  boundary  qeometry  for  a  prismatic  channel 


on  a  slope  of  .0002. 


(o)  BOTTOM  PROFILE  ( MILES ) 


DISTANCE  IN  FEET 

Figure  6  Annotated  Boundary  Geometry 
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The  left  overbank  extends  from  cross  section  station  1000  to  1500. 

The  channel  extends  from  station  1500  to  2000,  and  the  right  overbank 
from  2000  to  2500.  The  n-values  and  reach  lengths  are  shown  on  the 
figure.  This  example  assumes  that  only  the  channel  portion  of  the  section 
conveys  flow.  The  locations  for  STST  and  ENST  are  shown.  These  do  not 
have  to  coincide  with  STA  values. 

The  elevations  specified  for  geometric  data  extend  above  elevation 
535,  the  highest  elevation  of  the  cross  section.  The  program  assumes  a 
vertical  boundary  at  each  end  of  the  cross  section,  and  it  disregards 
any  influence  on  wetted  perimeter.  Volume  is  imoortant  in  the  unsteady 
flow  program;  and  it  may  be  in  error  if  the  cross  section  coordinates 
do  not  extend  above  the  elevation  table  range. 

A  listing  of  the  input  data  is  shown  in  exhibit  1.  Only  two  cross 
sections  are  required,  since  the  channel  is  prismatic,  and  the  interpo¬ 
lation  subroutine  provides  tables  for  seven  nodal  points  equally  spaced 
at  2540  feet  apart. 

3.  TAPE  95  OUTPUT 

The  GEDA  program  produced  a  tape  or  file  which  contains  65  different 
output  variables.  The  65  variables  are  temporarily  stored  in  an  array 
called  QVAR  and  written  out  to  tape  95  as  each  section  is  processed. 

Tape  95  can  then  be  used  by  HEC's  Hydraulics  Program  to  plot  the  variables 
interactively  on  a  Tektronix  4014  computer  display  terminal  or  batch  on 
a  Calcomp  drum  plotter.  A  list  and  description  of  the  65  variables  on 
tape  95  are  given  in  Appendix  I  and  II. 
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SeUHfcTRJC  HODtL  FOR  UNSTEAOV  FLOW  PROGRA'^S 


SOM 

ITm 

ASEL 

Ox 

format 

3,00 

7 

6 

,00020 

2640.0 

sx.Fe.o, 

8X,5Fe, 

0,/(2ax,SFS.0} 

X-8EC 

X 

ELfV 

AREA 

1.2/3 

TOP 

AV6 

ALPHA 

NO 

wIOTM 

N-VALUE 

3,000 

0.000 

520,17 

500 

l.OC 

500 

.0300 

1,0000 

3,000 

0.000 

525,17 

10  06 

1.58 

500 

.0300 

1,0000 

3,000 

0,000 

526.17 

1500 

2.06 

500 

.0300 

1,0000 

3,000 

0.000 

527,17 

2o00 

2.49 

500 

.0300 

1.0000 

3,000 

0,000 

528.17 

2500 

2.69 

500 

.0300 

1,0000 

3,000 

0,000 

52R.17 

iooo 

3.25 

500 

.0300 

1,0000 

2.500 

.500 

523.60 

500 

1.00 

500 

.0300 

1,0000 

2,500 

.500 

520.60 

1000 

1,58 

500 

.0300 

1.0000 

2,500 

,500 

525,60 

1500 

2.06 

500 

.0300 

1,0000 

2,500 

,500 

526.64 

2000 

2.49 

500 

.0300 

1,0000 

2,500 

.500 

527,64 

2500 

2.89 

500 

.0300 

1,0000 

2,500 

,50U 

528,64 

3000 

3.25 

500 

.0300 

1,0000 

2,000 

1,000 

523.11 

500 

l.OC 

500 

,0300 

1.0000 

2,000 

1,000 

524.11 

looo 

1.58 

500 

.0300 

l.ooou 

2,000 

l.OOU 

525,11 

1500 

2.06 

500 

,0300 

1.0000 

2,000 

1.000 

526.11 

2000 

2.49 

500 

.0300 

1.0000 

2,000 

1,000 

527.11 

2500 

2.89 

500 

,0300 

1,0090 

2,000 

l.ouo 

528,11 

3000 

3.25 

500 

,0300 

1,0000 

t,500 

1.500 

522.58 

500 

1.00 

500 

.0300 

1,0000 

1,500 

1,500 

523.56 

1000 

1.58 

500 

.0300 

1,0000 

1,500 

1.500 

524,58 

1500 

2.06 

500 

.0300 

1,0090 

1,500 

1,500 

525,58 

2COO 

2.49 

500 

.0300 

1,0000 

1,500 

1.50O 

526,56 

2500 

2,89 

500 

,0300 

1,0000 

1,500 

1.500 

527.56 

iooo 

3.25 

500 

.0300 

1,0000 

1,000 

2.000 

522,0.6 

500 

1,00 

500 

,0300 

1,0000 

1,000 

2,000 

523.06 

1000 

1,58 

500 

.0300 

1,0000 

1,000 

2,000 

524.06 

1500 

2.06 

500 

.0300 

l.nooo 

1,000 

2.000 

525,06 

2000 

2,49 

500 

.0300 

1.0000 

1,000 

2.000 

526.06 

2500 

B.8R 

500 

,0300 

1.0000 

1,000 

2.000 

527,06 

3o0n 

3.25 

500 

.0300 

1,0000 

.500 

2. 500 

521.53 

500 

l.op 

500 

.0300 

l.OOOO 

.500 

2,500 

522.53 

loon 

1.58 

500 

.0300 

1.0900 

,500 

2.500 

523.53 

1500 

2.06 

500 

.0300 

1,0000 

.500 

2.5oo 

524.53 

Boon 

2,49 

500 

.0300 

l.OOOO 

,500 

2,SOO 

525.53 

2500 

2,69 

500 

.0300 

i.oooo 

,500 

2.5oo 

526,53 

iooo 

3.25 

500 

.0300 

1,0000 

,000 

3.00C 

521,00 

5oo 

1.00 

500 

.0300 

1,0000 

,000 

3,00o 

522.00 

icoo 

1,56 

500 

,0300 

1.0000 

,000 

3.000 

523.00 

1590 

2.06 

500 

,0300 

1,0000 

,000 

3.000 

524,00 

2o09 

2.49 

500 

,0300 

1,0000 

,000 

3,000 

525,00 

2500 

2,89 

500 

,0300 

1,0000 

.000 

3,000 

526,00 

3000 

3,25 

SOO 

.0300 

1,0000 
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DESCRIPTION  OF  PAUSES 


Pause 

No. 

Cause 

Action 

0 

End  of  job 

1 

Neqative  value  in  input 
data. 

Check  Q(N),  IDF,  MEID,  NCH,  KXY,  KOCH, 
n-values,  NMD,  ISXY. 

2 

one  or  more  reach 
lenqths  either  zero  or 
blank.  One  or  more 
STA(I)  values  are 
neqati ve . 

3 

Neqative  value  in  the 
n-value  table. 

4 

Logical  error  in 
program  code. 

Requires  program  debugging. 

5 

STA(I)  is  larger  than 
the  largest  X  coordinate 
on  the  OR  cards. 

6 

Sill  length  or  sill 
elevation  is  negative. 

Positive  values  required. 

10 

STST  is  neqative 

Positive  value  is  required. 

11 

STST  is  larger  than 
the  largest  X  coordinate 
on  the  GR  cards. 

12 

STST  is  larger  than  the 
largest  STA(I)  value. 

Change  the  data  so  at  least  1  STA(I) 
value  is  greater  than  STST. 

13 

Logical  error  in  sub¬ 
routine  HYDL!^. 

Requires  program  debugging. 

14 

Either  STST  or  the  first 
STA(I)  value  is  larger 
than  the  largest  X 
coordinate  on  the  GR 
card. 

15 

_ 1 

An  X  coordinate  is 
smaller  than  the 
previous  one  coded  on 
the  GR  card. 

Exhibit  2 
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Cause 


Act! on 


Loqical  error  in  sub¬ 
routine  HYDLMT. 

Requires  nrogram  debugging. 

Loqical  error  in  sub¬ 
routine  HYDL^iT. 

Variable  LOST  is  one 
and  should  not  be. 

Same  as  16- 

Similar  to  17  except 

LOST  =  2. 

Same  as  16. 

Similar  to  17  except 

LOST  =  3. 

Same  as  16. 

A  bridqe  section  has 
been  entered,  but  there 
are  not  enouqh  discharqe 
coefficients. 

Check  data  and  eliminate 
bridqe  sections. 

Starting  water  surface 
elevation  is  below 
critical  depth. 

This  oause  should  be  eliminated. 
Check  the  orogram  logic. 

Submerged  flow  exists 
at  a  weir  and  no  sub¬ 
mergence  coefficients 
were  provided. 

Eliminate  weir  sections. 

Submerged  flow  exists 
and  2  submergence 
coefficients  are  the 
same. 

Same  as  22. 
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gehmetric  elements  program 


INPUT  DATA  DESCRIPTION 
''ersion  3.0  ..lanuarv  T^7(S 


This  input  description  presents  a  "value"  or  "ranqe  of  values" 
for  each  variable.  The  code  "+"  under  the  "Value"  column  means  any 
positive  number.  7eroes  are  not  recommended  except  v/here  indicated 
in  the_ "Value"  column.  Avoid  negative  numbers  unless  that  option  is 
specifically  stated  as  a  value.  Blanks  are  read  as  zero  except  where 
otherwise  noted.  Parentheses  denote  footnotes.  All  numeric  variables 
are  read  as  floating  point  numbers  and  integer  variables  are  converted 
immediately  after  being  read.  Numbers  may  be  coded  either  left  or  rioht 
justified. 

HEC-2  Data  Cards  T1 ,  T2,  T3,  NC,  NV,  XI,  X3,  X4  and  GR  are  permitted. 
However,  only  a  portion  of  the  data  on  cards  NC,  XI,  and  X3  are  utilized 
in  this  program  (see  pages  for  each  card  type). 
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T1 

INPUT  DATA  DESCRIPTION 


TITLE  CARDS  -  REQUIRED  CARDS 
CARDS  Tl.  T2.  T3 
a.  CARD  Tl 

Title  card  for  output  title.  This  card  Is  required  for  each  job. 

Field  Variable  Value  Description 

0  Tl  Card  Identification  characters. 

1-10  None  Numbers  and  alphabetical  characters 

for  title. 


b.  CARD  T2 


Title  card  for  output  title. 
Field  Variable  Val ue 
0  T2 

1-10  None 


This  card  Is  required  for  each  job. 
Description 

Card  Identification  characters. 

Numbers  and  alphabetical  characters 
for  title. 


c.  CARD  T3 

Title  card  for  output  title. 
Field  Variable  Value 
0  T3 

1-10  None 


This  card  Is  required  for  each  job. 
Description 

Card  Identification  characters. 

Numbers  and  alphabetical  characters  for 
title. 


Note:  Columns  ^-3?  on  card  T3  are  not  saved  for  subsequent  use  on 
plots,  and  this  differs  from  the  T3  card  in  HEC-2. 
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JOB  PARAMETERS  -  REQUIRED  CARD 


CARD  JP 


The  geometric  elements  may  be  calculated  for  the  same  elevation  at 
each  cross  section  or  they  may  be  calculated  on  a  sloping  grid.  The 
latter  usually  results  in  fewer  elevation  points  for  jobs  covering 
long  distances  of  the  river.  In  any  case,  using  a  sloping  grid  is 
only  a  matter  of  convenience  and  the  slope  does  not  impact  on  routing 
calculations  in  the  unsteady  flow  model. 


FIELD 

VARIABLE 

VALUE 

DESCRIPTION 

0 

ICG 

JP 

Card  identification  characters. 

1 

AVGS 

0,+,- 

The  downstream  cross  section  identification 
(i'*e.,  if  cross  section  locations  are 
identified  by  River  Mile  (Xl-i) ,  use  the 
mile  for  the  first  sections  here) . 

2 

ASEL 

+  /“ 

The  change  in  elevation  between  cross 
sections  is  calculated  by  multiplying  the 
slope  ASEL  times  the  channel  reach  length. 

1000 

ASEL  will  be  based  on  the  downstream  channel 
slope. 

2000 

ASEL  will  be  based  on  the  downstream  minimum 
channel  bank  elevation  slope. 

3 

NODE 

0 

The  program  will  calculate  the  number  of 
nodes  from  DX  and  the  total  model  length. 

+ 

The  program  will  calculate  the  distance 
between  nodes  from  total  model  length  and 
interpolate  tables  of  geometric  elements  at 
those  points. 

4 

DX 

0 

The  value  for  NODE  should  be  positive  so  the 
program  will  calculate  DX  and  the  resulting 
tables  of  geometric  elements. 
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field  variable  value  description 

+  Tables  of  geometric  elements  will  be 

interpolated  on  the  constant  interval ,  DX , 
however,  if  both  NODE  and  DX  have  been 
specified  the  value  for  NODE  will  override 
the  value  for  DX. 


5  LFA  0 


Program  calculates  the  velocity  distribution 
factor  ALPHA. 


1  The  program  assigns  1  to  the  velocity 

distribution  factor. 


NOSC  0  The  largest  identification  number  that  can 

be  printed  or  punched  out  by  this  program 
is  9999.999.  The  largest  cross  section  area 
is  9,999,999.  The  program  will  test  the 
size  of  section  identification  numbers  and 
cross  section  areas  and  calculate  a  factor 
to  scale  down  numbers  which  are  too  large. 
An  appropriate  note  is  printed  giving  the 
resulting  scale  factor. 

+  A  scale  factor  of  1.0  is  assigned. 


7-8 

9  KSW(ll)  0 

1 


10  KSW(12)  0 

1 


2 


3 


Not  used. 

Suppresses  printout  of  subsection  areas, 
wetted  perimeters,  conveyances,  etc. 

Print  the  intermediate  values  of  conveyance, 
area,  hydraulic  radius,  n-value  and  reach 
length  for  each  subsection  in  each  cross 
section. 

The  geometric  elements  are  interpolated  from 
adjacent  input  cross-sections  and  printed. 

Punch  cards  of  the  above  geometric  elements 
for  subsequent  use  in  the  routing 
calculation. 

The  geometric  elements  are  interpolated  by 
weighting  the  values  at  all  input  cross- 
sections  within  ±'^DX  of  the  node  and 
printed. 

Punch  cards  of  the  above  geometric  elements 
for  subsequent  use  in  the  routing 
calculation. 
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ET 


ELEVATION  TABLE  -  REQUIRED  CARDS 
CARD  ET 

The  table  of  geometric  elements  may  contain  from  3  up  to  21  values  of 
elevation.  The  difference  between  two  successive  elevation  values  on 
this  card,  called  the  elevation  interval,  must  be  an  integer  amount 
for  the  routing  program.  Up  to  three  different  intervals  may  be  utilized. 
Values  must  be  entered  from  lowest  to  highest  elevation  for  the  routing 


program. 

Field 

Variable 

Value 

Description 

0 

ICG 

ET 

Card  identification  characters. 

1  -  10 

WS 

o,+ 

Elevations  may  be  zero  Or  positive 

Enter  10  values  across  the  card  and 
use  as  many  cards  as  are  required. 
The  program  will  count  the  number  of 
values  internally  using  a  zero  or 
blank  field  to  signify  the  end  of 
elevations. 
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WL 


WEIGHTED  REACH  LENGTH  -  OPTIONAL  CARDS 
CARD  WL 

Frequently,  the  channel  distance  is  not  representative  of  the  length  of 
flow  when  extremely  large  flood  events  are  to  he  analyzed.  This  card 
permits  the  user  to  enter  a  length  between  cross  sections  that  reflects 
the  flow  length  for  the  floods  that  he  elans  to  analyze.  The  v/eighted 
reach  length  is  not  used  in  calculating  area  and  volume,  only  in 
establishing  the  location  of  cross  sections  for  subsequent  calculations 
as  the  geometric  elements  are  interpolated  for  each  Mode. 

Field  Variable  Value  Description 

0  ICG  ML  Card  identification  characters. 

1-in  XRL  0  At  the  first  cross  section  only. 

+  The  v/eighted  distance  from  the  second 

to  the  first  cross  section  is  entered 
in  field  2.  Field  3  goes  with  the  third 
cross  section,  ETC.  Enter  one  value  of 
v^/eighted  reach  length  for  each  cross 
section.  The  program  will  count  the 
number  of  values  entered  using  0  or 
blank  to  identify  the  end. 
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REQUIRien  CARD  FOR  FIRST  CROSS  SECTION 
CARD  NC 

Manninq's  n-values  are  entered  for  startinq  each  job,  or  for  changing 
values  previously  specified.  Manning's  n-values  apply  at  a  cross 
section  and  halfway  to  the  cross  section  on  either  side.  The  values 
on  this  NC  card  apply  to  the  cross  section  described  on  the  following 
XI  card  and  apply  until  changed  by  a  future  MC  card. 


Field 

Variable 

Value 

Description 

0 

lA 

NC 

Card  Identification  characters. 

1 

XNL 

0 

No  change  in  Manning's  "n"  value 
for  the  left  overbank. 

+ 

Manning's  "n"  value  for  the  left 
overbank. 

2 

XNR 

0 

No  change  in  Manning's  "n"  value  for 
the  right  overbank. 

+ 

Manning's  "n"  value  for  the  right 
overbank. 

3 

XNCH 

0 

No  change  in  Manning's  "n"  value  for 
the  channel. 

+ 

Manning's  "n"  value  for  the  channel. 

Note: 

Other  HEC-2  variables  on 

NC-card  are  not  used  in  this  program. 
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NV 


OPTIONAL  CARD  FOR  ROUGHNESS  DESCRIPTION 
CARD  NV 


Used  to  vary  the  channel  n-values  in  the  vertical  based  on  water  surface 
elevations.  Straight  line  interpolation  is  used  between  ooints. 


Field  Variable  Value 

0  lA  NV 

1  NUMNV  + 

2.4.6..  VALN(N)  + 

3.5.7..  ELN(N)  + 


Description 


Card  identification  characters. 

Total  number  of  Manning's  "n"  values 
entered  on  NV  cards  (maximum  five). 

If  more  than  one  NV  card  is  used, 
field  1  on  the  other  cards  would 
contain  an  FLN(N)  value. 

fianninq's  "n"  coefficient  for  area 
below  ELN(N).  The  overbank  "n"  values 
specified  on  CARD  NC  will  be  used  for 
the  overbank  roughness  regardless  of 
the  values  in  this  table. 

Elevation  of  the  water  surface 
corresDonding  to  VALN(N)  in  increasing 
order. 


Note:  HEC-2  permits  20  n-value  points.  This  program  permits  only  5. 
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sc 


SLOPE  CHANGE  -  OPTIONAL  CARD 
CARD  SC 

The  slope  ASEL  (JP-2)  is  changed  at  any  cross  section  with  this  card. 
The  slope  will  remain  at  this  new  slope  until  it  is  changed  again. 

The  specified  set  of  closely  spaced  elevations  follow  approximately 
along  the  top  bank  elevation  of  the  channel. 


Field  , 

Variable 

Value 

Description 

0 

ICG 

SC 

Card  identification  characters. 

1 

AVGS 

0,+ 

The  cross  section  identification  number 
for  the  first  cross  section  where  the 
new  slope  was  used. 

2 

ASEL 

+  »- 

The  change  in  elevation  between  cross 
sections  is  calculated  by  multiplying 
the  slope  ASEL  times  the  channel 
reach  length. 

1000 

ASEL  will  be  based  on  the  downstream 
channel  slope. 

2000 

ASEL  will  be  based  on  the  downstream 

minimum  channel  bank  elevation  slope. 
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XI 


REOIJIRED  CARD  FOR  EACH  CROSS  SECTION 
CARD  XT 

This  card  is  required  for  each  cross  section,  and  is  used  to  specify  the 
cross  section  geometry  and  program  options  aoplicable  to  that  cross  section. 
This  program  differs  from  HEC-2  in  that  it  does  not  read  Field  10  and  only 
100  cross  sections  may  be  specified. 


Field 

Variable 

Value 

Description 

0 

lA 

XI 

Card  identification  characters. 

1 

SECMO 

+ 

Gross  section  identification  number 

- 

(Tributaries  in  HEC-2).  Not  used  in 
this  program. 

? 

MUHST 

n 

Previous  cross  section  is  used  for 
current  section.  Next  OR  cards  are 
omitted. 

+ 

Total  number  of  stations  on  the  next 

OR  cards. 

3 

STCHL 

0 

May  be  omitted  if  NUMST  {X1.2)  is  0. 

+ 

The  station  of  the  left  bank  of  the 
channel . 

4 

STCHP 

0 

May  be  omitted  if  NUMST  (XI. 2)  is  0. 

+ 

The  station  of  the  right  bank  of  the 
channel.  be  equal  to  or  greater 
than  STCHL. 

F 

XLOBL 

+ 

Length  of  reach  between  current  cross 
section  and  next  downstream  cross  section 
of  the  left  overbank. 

XLOBR 

+ 

Length  of  reach  between  current  cross 
section  and  next  downstream  cross  section 
for  the  right  overbank. 

7 

XLCH 

+ 

Length  of  reach  between  current  cross 
section  and  next  downstream  cross  section 
for  the  channel. 
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XI 


CARD  XI  (cont.) 

Field  Variable  Value 

3  PXSECR  0 


+ 


9  PXSECE  n 

+ 


Descriotion 


Cross  section  stations  v.'in  not  be 
changed  by  the  factor  ^'XSECR. 

A  ratio  vvhich  vyill  be  rrujltiolied  times 
all  cross  section  stations,  except  the 
first  station,  to  increase  or  decrease 
cross  section  width.  The  ratio  can 
aonly  to  a  repeated  cross  section  or 
a  current  one.  A  1.1  would  increase 
the  v/idth  by  10  percent. 

Cross  section  elevations  will  not  be 
changed. 

Constant  to  be  added  (+)  or  subtracted  (-) 
from  all  cross  section  elevations.  A 
repeated  cross  section  is  handled  in  the 
same  manner  as  one  just  entered.  Elevation 
changes  are  permanent;  therefore,  changes 
accumulate  with  successive,  repeated 
sections. 


OPTIOMAL  PLOTS  OF  CROSS  SECTIOH 


Field 

Variable 

Value 

Description 

10 

I  PLOT 

0 

Not  recognized  by  this  orogram 

Exhibit  3 
Page  11  of  18 


X3 


SPECIFICATinN  OF  INEFFECTIVE  FLO!4  AREAS 


CARD  X3 

-  OPTIDNAL 

CARD 

Field 

Variable 

Value 

Description 

0 

lA 

X3 

Card  identification  characters. 

1 

lEARA 

0 

Total  area  of  cross  section  described 
on  GR  cards  below  the  water  surface 
elevation  is  used  in  the  computations. 

10 

Only  the  cross  sectional  area  confined 

by  levees  below  the  water  surface 
elevation  is  used  in  the  computations, 
unless  the  water  surface  elevation  is 
above  the  top  of  levee  (elevations 
corresponding  to  STCH(X1.3)  and  STCHR 
{X1.4),  in  which  case  flow  areas  outside 
the  levee  will  be  included. 

2  ELSED  0  m 


+  NA 

3  ENCFP  0  Width  between  encroachments  is  not 

chanqed  or  is  not  specified. 

+  Width  between  encroachments  is  centered 

in  the  channel,  midway  between  the  left 
and  riqht  overbanks.  Flow  areas  outside 
this  width  are  not  included  in  the 
computations.  This  width  will  be  used 
for  all  cross  sections  unless  channed 
by  a  positive  ENCFP  on  Card  X3  of 
another  cross  section  or  unless  over¬ 
ridden  by  the  use  of  STENCL(X3.4) . 


4  STENCL  0  Encroachments  by  specifying  station 

and/or  elevation  will  not  be  used  on 
the  left  overbank. 

+  Station  of  the  left  encroachment.  Flow 

areas  to  the  left  of  (less  than)  this 
station  and  below  ELENCL  are  not  included 
in  the  computations.  This  option  will 
override  the  option  using  ENCFP  when 
both  are  used. 
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X3 


CARD  X3 
Field 

5 

6 

7 

8 

9 

10 


(cont) 


Variable  Value 

ELENCL  0 


+ 


STENCR  0 

+ 


ELENCR  0 


+ 


ELLEA  0 

+ 

ELREA  0 

+ 


Description 

An  encroachment  elevation  on  the  left 
side  is  not  applicable  and  is  therefore 
assumed  verv  high. 

Elevation  of  the  left  encroachment. 

Flow  areas  below  this  elevation  and 
less  than  STENCL  are  not  included  in 
the  computations. 

An  encroachment  station  on  the  right 
is  not  used. 

Station  of  the  right  encroachment. 

Flow  areas  to  the  right  of  (greater 
than)  this  station  and  below  ELENCR 
are  not  included  in  the  computations. 

An  encroachment  elevation  on  the  right 
side  is  not  applicable  and  is  therefore 
assumed  very  high. 

Elevation  of  the  right  encroachment. 
Flow  areas  below  this  elevation  and 
greater  than  STENCR  are  not  included 
in  the  computations. 

NA 

NA 

NA 

NA 

^^A 
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X4 


ADDITIONAL  GROUND  POINTS 


CARD  X4  -  OPTIONAL  CARD 


An  additional  input  card  X4  may  be  inserted  following  cards  XI,  X2,  or 
X3  in  order  to  add  additional  points  to  describe  the  ground  profile  of 
the  cross  section.  Stations  of  X4  data  points  must  fall  within  the 
range  of  GR  stations.  The  X4  data  point  is  an  added  point  and  cannot 
be  used  to  replace  any  GR  data  point.  This  option  is  useful  when 
modifying  data  cards  for  a  proposed  obstruction  as  it  allows  points  to 
be  added  anywhere  in  the  cross  section. 


Field  Variable  Value 
0  lA  X4 

1  NELT  + 

2  ELT(l)  + 

3  STAT(l)  + 

4,5, 

etc. 


Description 

Card  identification  characters. 

Number  of  additional  points  to  supplement 
the  current  set  of  GR  cards  read  in 
describing  the  ground  profile  of  the 
cross  section.  A  maximum  of  20  points 
may  be  used. 

Elevation  of  first  additional  ground 
point. 

Station  of  first  additional  ground  point. 
All  stations  must  be  less  than  the 
maximum  station  on  the  GR  cards.  The 
pairs  of  elevations  and  stations  do  not 
have  to  be  in  any  particular  order. 

Additional  pairs  of  elevation  and  station 
values. 
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CONVEYANCE  LIMITS  -  OPTinnAL  CARD 
CARD  KL 

The  geometric  model  for  unsteady  flov/  calculations  must  describe  both 
volume  and  conveyance.  Satisfying  the  volume  requirement  often  causes 
cross  sections  to  extend  up  tributaries.  This  is  an  area  that  does  not 
contribute  to  conveyance  of  the  mainstem  discharge,  hoivever,  and 
conveyance  limits  can  be  established  for  affected  cross  sections. 


Field 

Variable 

Value 

Description 

0 

ICC 

KL 

Card  identification  characters. 

1 

AVGS 

Cross  section  identification  number. 

2 

STST 

0 

The  entire  cross  section  is  used  for 
both  volume  and  conveyance  on  the  left 
overbank. 

+ 

The  cross  section  station  separating 
storage  from  conveyance  on  the  left 
overbank.  This  value  does  not  have  to 
cofncide  with  a  coordinate  point. 

3 

ENST 

0 

The  entire  right  overbank  of  the  cross 
section  is  used  to  convey  flow. 

+ 

The  cross  section  station  beyond  which 
only  volume  is  calculated. 
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GR 


GROUND  PROFILE 
CARD  6R 

This  card  specifies  the  elevation  and  station  of  each  point  in  a  cross 
section  used  to  describe  the  ground  profile,  and  is  required  for  each 
XI  card  unless  NUMST  (XI. 2)  is  zero.  The  points  outside  of  the  channel 
determine  the  subdivision  of  the  cross  section  which  corrects  for  the 
nonuniform  velocity  distribution. 


Field 

Variable 

Value 

Description 

0 

lA 

GR 

Card  identification  characters. 

1 

EL(1) 

+ 

«• 

Elevation  of  cross  section  point  1  at 
station  STA(l).  May  be  positive  or 
negative. 

2 

STA(1 ) 

+ 

Station  of  cross  section  point  1. 

3 

EL(2) 

+ 

Elevation  of  cross  section  point  2  at 
STA(2). 

4 

STA(2) 

+ 

Station  of  cross  section  point  2. 

Continue  with  additional  GR  cards  using  up  to  100  points  to  describe  the 
cross  section.  Stations  should  be  in  increasing  order  and  positive. 
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EJ 

END  OF  JOB  CARD 
CARD  EJ  -  REQUIRED 

Required  following  the  last  cross  section  for  each  job.  Each  group 
of  cards  beginning  with  Card  T1  Is  considered  a  job. 


Field 

'  . 

Variable 

Value 

Description 

0 

EJ 

Card  identification  characters. 

1-10 

Not  used. 
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ER 


END  OF  RUN 

CARD  ER  -  REQUIRED  CARD 

Required  at  the  end  of  a  run  consistinq  of  one  or  more  jobs  in  order  to 
end  computation  on  stop  command.  Three  blank  cards  after  the  EJ  card 


of  the 

last  job  are 

optional . 

Field 

Variable 

Value 

Description 

0 

lA 

ER 

Card  identification  characters 

1  -  10 

Not  used 
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i?.)  Identifies  cards  in  HEC-2  Format  which  are  slightly  changed  for  use  In  this  program. 

See  Detailed  Description  of  Input  Data. 
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APPENDIX  I 


Tape  95  Variable  Description 


TAPE95  VARIABLES 
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minimum  difference  a  fixed  change 
(X5  card)  or  a  balance  between  the 
computed  and  assumed  water  surface 
elevations. 
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APPENDIX  II 


6EDA  —Tape  95 


TAPL  9b 


First  record  on  tape  9b: 

Z  I  tape;  Ji<i  Z  Z  KVAR  111 
Z  -  a  zero  value  is  used 

ITAPE  -  This  is  set  to  94  to  identify  it  as  a  GEDA  tape  95 
JH  -  is  set  equal  to  the  total  number  of  profiles 
KVAR  -  is  set  to  65,  which  is  the  number  of  variables  written 
out  to  tape  95 
Second  record  on  tape  95: 

TITLE(l)  -  TITLE  (6) 

TITLE  -  Title  on  title  card  based  on  A4  format 
Third  record  on  tape  95: 

X(l)  -  X(IOO),  Z,  Z 
X  and  2  -  are  set  to  zero 
Fourth  record  on  tape  95: 

X(l)  -  X(IOO) 

X  -  is  set  to  zero 

Fifth  and  all  other  records  oh  tape  95: 

QVAR(l)  -  GVAR(65) 

Last  record  on  tape  95: 

QVAR(l)  is  set  equal  to  -1 .E  +  0  b 
dVAR(l)  -  qVAR(65) 

Total  records  =  4  +  total  number  sections  X  total  number  of  profiles  +  1 
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